ai 060000 M 


Disaster 
Medicine 


Second Edition Edition 


EDITORS 


DAVID E. HOGAN, DO, FACEP 


Adjunct Professor 

Department of Family Medicine 

Section of Emergency Medicine 

Oklahoma State University-Center for Health Sciences 
Tulsa, Oklahoma; 
Director of Research 
Integris Southwest Medical Center Emergency Medicine Residency Program 
Oklahoma City, Oklahoma 


JONATHAN L. BURSTEIN, MD, FACEP 


Director of Disaster Medicine 
Beth Israel Deaconess Medical Center; 
Assistant Professor of Emergency Medicine 
Harvard Medical School; 
Assistant Professor of Population and International Health 
Center for Public Health Preparedness 
Harvard School of Public Health 
Boston, Massachusetts 


©). Wolters Kluwer Lippincott Williams & Wilkins 


Health 


Philadelphia - Baltimore - New York * London 
Buenos Aires + Hong Kong “ Sydney * Tokyo 


Acquisitions Editor: Frances R. DeStefano 

Managing Editor: Nicole T. Dernoski 

Project Manager: Nicole Walz 

Marketing Manager: Angela Panetta 

Manufacturing Manager: Kathy Brown 

Art Director: Risa Clow 

Cover Designer: Larry Didona 

Production Services: Laserwords Private Limited, Chennai, India 
Printer: R.R.Donnelley, Willard 


© 2007 by LIPPINCOTT WILLIAMS & WILKINS, a Wolters Kluwer business 
© 2002 by LIPPINCOTT WILLIAMS & WILKINS 


530 Walnut Street 
Philadelphia, PA 19106 USA 
LWW.com 


All rights reserved. This book is protected by copyright. No part of this book may be reproduced in any form or by any 
means, including photocopying, or utilized by any information storage and retrieval system without written permission from 
the copyright owner, except for brief quotations embodied in critical articles and reviews. Materials appearing in this book 
prepared by individuals as part of their official duties as U.S. government employees are not covered by the above-mentioned 
copyright. 


Printed in the USA 


Library of Congress Cataloging-in-Publication Data 


Disaster medicine / editors, David E. Hogan, Jonathan L. Burstein.-2nd ed. 
p.;cm. 

Includes bibliographical references and index. 

ISBN-13: 978-0-7817-6262-5 

ISBN-10: 0-7817-6262-6 

1. Disaster medicine. I. Hogan, David E. II. Burstein, Jonathan L. 

[DNLM: 1. Disasters. 2. Emergency Medical Services. 3. Disaster Planning. 4. Emergencies. 
5. Terrorism. WB 105 D6108 2007] 

RA645.5.D565 2007 

362.18-dc22 

2006038097 


Care has been taken to confirm the accuracy of the information presented and to describe generally accepted practices. 
Hovvever, the authors, editors, and publisher are not responsible for errors or omissions or for any consequences from 
application of the information in this book and make no warranty, expressed or implied, with respect to the currency, 
completeness, or accuracy of the contents of the publication. Application of this information in a particular situation remains 
the professional responsibility of the practitioner. 

The authors, editors, and publisher have exerted every effort to ensure that drug selection and dosage set forth in this text 
are in accordance with current recommendations and practice at the time of publication. However, in view of ongoing 
research, changes in government regulations, and the constant flow of information relating to drug therapy and drug 
reactions, the reader is urged to check the package insert for each drug for any change in indications and dosage and for 
added warnings and precautions. This is particularly important when the recommended agent is a new or infrequently 
employed drug. 

Some drugs and medical devices presented in this publication have Food and Drug Administration (FDA) clearance for 
limited use in restricted research settings. It is the responsibility of the health care provider to ascertain the FDA status of 
each drug or device planned for use in their clinical practice. 

To purchase additional copies of this book, call our customer service department at (800) 638-3030 or fax orders to 
(301) 223-2320. International customers should call (301) 223-2300. 

Visit Lippincott Williams & Wilkins on the Internet: at LWW.com. Lippincott Williams & Wilkins customer service 
representatives are available from 8:30 am to 6 pm, EST. 

10987654321 


Dedicated to the victims of September 11 and all other terrorist acts 
And to the billions who have suffered from disasters throughout history. 
You are not forgotten 


To the victims of natural and intentional disasters throughout the world 
May we remember that we must not stand by watching as our neighbor suffers 


And to those who have responded to the call and will again: 
“Take up our quarrel with the foe: 
To you from failing hands we throw 
The torch; be yours to hold it high.” 


Quotation from “In Flanders Field” 
By John McCrae 


To my daughter Abigail, who reminds me each day of what we are here for. 
To my wife, Aimee, and my mother, Eleanor, may Abigail emulate their 
character and deeds. 

To my father and mother, who showed me the right path. 

To my four brothers, who helped keep me on that path. 

To my wife Aimee, a woman of valor, who gives me the love and strength to 
face each day. 


-Jonathan L. Burstein 


To all who suffered and fought disaster from the beginning of civilization 
because we are all one against the foe. 
To those who seek to know this foe to defeat it. 
To those who fight the human disaster of terrorism. 


If in a million years the remains of our civilization are found by some curious 


minds, they will know that good dwelt amidst the evil and that we did pass 
this way. 


-David E. Hogan 
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I. is an honor to have the opportunity to present a 
second edition of Disaster Medicine. The response to 
our work in the United States and worldwide has been 
both gratifying and humbling. We have made substantial 
changes to the content and format of the book in response 
to recommendations by users of this text. We hope that 
these changes will make Disaster Medicine more usable. 
Just as the first edition was an initial effort to collect 
scientific and clinically useful elements of the practice 
of disaster medicine into a single location, this second 
edition is a continuation of that effort. As disasters are 
continually changing, so do the challenges associated with 
mitigation of the human impact of those disasters. We 
hope to improve the quality and content of this text in 
future years to meet some of those challenges. 


My portion of this work I dedicate to Ted Kellison, RN, 
BSN, who left us last year, a casualty of the struggle. He 
was truly an “old soul” and we all came to benefit from 
his wisdom. All of us who knew Teddy miss him. He was 
one of those individuals who truly did make a difference 
in every life that he touched. So in his words: 

“This book belongs to everyone who has longed to make 
a difference, to everyone who fights the demon of disaster 
on any front, to everyone who has looked out over a 
refugee camp of ten thousand souls knowing that despite 
your best efforts hundreds will die before sunset, and to 
those whose rough hands have pulled the child from the 
rubble and stood crying from both exhaustion and joy. 
You are not alone.” 


David E. Hogan, DO, MPH, FACEP 
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General Concepts 


Crees 


Basic Perspectives 
on Disaster 


David E. Hogan and Jonathan 
L. Burstein 


Knowledge comes, but wisdom lingers. 
Alfred Lord Tennyson 


INTRODUCTION 


Worldwide, more than 3.4 million lives were lost owing 
to disasters over the past quarter century. Hundreds of 
millions of people endured diverse suffering caused by 
these events, and tens of billions of dollars helped repair 
the damage and reconstruct those lives. Although many 
societies reached out to others in need in the past, not until 
the latter part of the last century have highly organized 
efforts been created to assist with disaster response. 


People in Disasters 


To call an event a disaster, people must be affected. The 
risk of disasters producing mass casualties worldwide 
is increasing, in large part because of the increase in 
world population (1). The world population reached an 
estimated 6 billion on November 16, 1999. With a steady 
growth of approximately 1.33% (78 million people each 
year), current projections are that the population will 
be 8.9 billion by 2050 (2). Most individuals are living in 
areas that are prone to hurricanes, earthquakes, tsunamis, 
floods, and drought. As such, the potential for human 
impact from these natural hazards is growing accordingly. 


Natural Hazards 


The rate of occurrence of events associated with natural 
hazards on earth may be increasing; this is probably due 
to variations in innate cycles, such as solar maxima, 
earthquakes, and volcanic activity (3). In addition, the 
earth is warming, which, at a minimum, is projected 
to increase severe storm activity in some areas and to 
cause drought in others (4). Other indications are that 
the range of diseases and disease-carrying vectors is 
expanding because of warming, bringing a number of 
infectious diseases to nonimmune populations (5-8). In 
addition, changes in growing seasons, weather conditions, 
and ambient temperature and humidity are beginning 
to impact food supplies, allergen production, and other 
human health issues (5-9). 


Technological Hazards 


The technological development of human society has 
resulted in the creation of an entirely new set of haz- 
ards, such as industrial waste and radiation and chemical 
disasters. Tons of hazardous materials are transported 
through densely populated areas each day, with each ton 
representing a latent disaster (10,11). Humankind’s in- 
creasing development and dependence on a rather fragile 
industrial-technologic complex presents new possibilities 
for disaster. The information systems that operate our 
economic, transportation, and distribution systems and 
regulate our lives are relatively sensitive to disruption. 
Failure of these systems for even a short period may 
induce fear and injury into a population. Hurricanes 
Katrina and Rita have clearly demonstrated that even 
local destruction of such computer-based information sys- 
tems adds substantially to the impact of such a natural 
disaster (12). 


Human Conflict 


Humankind continues to be its own worst enemy. 
Will Rogers said it this way in his autobiography, “You 
can’t say civilization don’t advance ... in every war they 
kill you in a new way” (13). With wars both great and small 
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occurring at regular frequency on earth, and now a global 
war against terrorism, ample opportunity is found for 
“advancement.” These activities create, both directly and 
indirectly, numerous casualties that require medical care, 
public health, and psychological management (14-16). 
The creation of weapons of mass destruction and the 
real and the potential use of these devices against human 
populations represent a new and increasingly complex 
problem for emergency health care providers (17). 


THE NATURE OF DISASTERS 


Disasters are generally considered “low probability-high 
impact” events. In fact, only a few disasters in the United 
States have resulted in more than 1,000 casualties (18). 
When disaster does strike, only 10 to 15 disasters a year 
result in more than 40 casualties. These statistics are often 
used to defer funding for disaster planning efforts in lieu of 
other projects. However, in fact, the impact of disaster in 
the United States and worldwide is much more significant 
than these narrow statistics imply. For instance, although 
Hurricane Andrew killed only 44 individuals directly, it 
affected the lives of almost 3 million people, caused 
more than 3 billion dollars in damage, and involved 
significant national resources for rescue and recovery 
efforts (19). The disruption of the normal lives of the 
population measures the true impact of a disaster. Medical 
infrastructure may be totally disrupted during a disaster, 
thereby requiring time to reestablish normal function. 
Recovery efforts to repair a disaster-stricken community 
and the psychoemotional damage may last for years. 


Defining a Disaster 


Because of the multidisciplinary nature of disaster plan- 
ning and response, the definition used for a disaster is 
often as varied as the discipline using it (20). Examples 
of disaster definitions are found in various sources. Usu- 
ally each definition reflects the nature and focus of the 
organization or individuals defining it. The World Health 
Organization (WHO) defines a disaster as “a sudden ecolog- 
ical phenomenon of sufficient magnitude to require external 
assistance” (21). This broad focus definition may exclude 
some events that result in mass casualties. A more fo- 
cused definition often used by practitioners of emergency 
medicine is when “ ... the number of patients presenting 
within a given time period are such that the emergency 
department cannot provide care for them without exter- 
nal assistance.” This definition would exclude events such 
as aircraft crashes that result in mass death but place 
little or no stress on the medical system (22). Others 
may define disasters as “an imbalance in the availability of 
medical care and a maldistribution of medical resources ver- 
sus casualties within a community” (23). Most emergency 


health care providers have some definition in mind regard- 
ing disasters, but more commonly the response is simply 
that they “know a disaster when they see one.” 

Disasters are not defined by a specific number of 
casualties but rather by the event itself and the venue in 
which it occurs. A motor vehicle crash with five casualties 
in a metropolitan area will likely go unnoticed except as a 
footnote in the evening paper. The same crash casualties 
presenting to a rural community emergency department 
(ED) will probably require activation of the hospital 
disaster plan. In all definitions, disasters are something 
outside the normal experience of daily life that requires a 
change from daily management style and thinking. 


Disaster Medicine 


Disaster medicine is a system of study and medical prac- 
tice associated primarily with the disciplines of emergency 
medicine and public health. Disaster medicine is con- 
cerned with the health and medical and emotional issues 
of disaster casualties. To provide care efficiently, however, 
the health care provider must be familiar with several ele- 
ments of disaster management, including planning, miti- 
gation, assessment, response, and recovery. Disasters may 
destroy or disable the medical infrastructure of a given 
area, making access to routine health care impossible. In- 
fectious diseases endemic to the population may increase 
in frequency, mandating the deployment of epidemiolog- 
ical surveillance and intervention programs. Nutritional 
problems that necessitate evaluation and intervention can 
surface, particularly during long-duration complex disas- 
ters. Long-term and short-term emotional and psychiatric 
conditions may plague the disaster-stricken community, 
requiring counseling and well-planned support systems. 

When using the broad definition of disaster medicine, 
one must realize that no individual can be facile in 
all elements of this topic. Finding any true expert in 
disaster medicine is difficult if one uses such a broad 
definition. Analogous to the observation of World War II 
correspondent Ernie Pyle that, to the individual soldier, 
the war was rarely bigger than 100 yards on either 
side (24), those in disaster medicine would acknowledge 
that, although each may become skilled in his or her 100 
yards of a disaster, one needs a larger view to improve 
planning and response significantly. 


Emergency Medicine Role in Disaster 
Medicine 


Emergency physicians, nurses, and paramedics in the 
United States have commonly been drawn to disaster 
medicine. These health care providers represent the first 
line of medical defense in a community, and they are usu- 
ally the first to know of a disaster impact. The American 
College of Emergency Physicians (ACEP) states, “emergency 
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physicians should assume a primary role in the medical 
aspects of disaster planning, management, and patient 
care.” Additionally ACEP believes that emergency physi- 
cians should ... pursue training that will enable them 
to fulfill this responsibility” (25-27). The knowledge base 
and skill sets afforded to the resident during training in 
emergency medicine, as well as the broad and adaptive 
practice environment of the specialty, translates well to 
the disaster setting. 

On the converse, emergency medicine in no way has 
the only knowledge or skill sets needed during a disaster. 
An appropriate medical response will vary substantially 
based on the nature and extent of the event. The provision 
of health care after a disaster is dependent on multiple 
areas of medical expertise, such as public health, primary 
care, surgery, infectious diseases, toxicology, and many 
others. 


DISASTER — BASIC “PHYSICS” 


A set of repeating elements have been identified over the 
years during most disasters that make up the disaster 
process. These elements have been variously described, 
tongue-in-cheek, as the Basic Physics of Disasters and 
they may constitute a set of principles on which one’s 
understanding of disasters can be built. The primary 
sets of problems consistently seen during disasters are 
with communications, personnel, and supplies (28). The 
activities that result within these three major areas 
represent a set of human behaviors that are quite 
persistent. Some disaster plans have sought to oppose 
these behaviors during a disaster and have met with 
variable success. A more reasonable approach might be 
to start by understanding these behaviors more fully. 
Once they are understood, planning may take the form 
of channeling these behaviors into activities that are more 
constructive, rather than opposing the strong force of 
mass human will. 


The Disaster Cycle 


Each disaster follows a general pattern in its development. 
This pattern is often repeated throughout nature and is 
demonstrated in Fig. 1-1. This identified pattern has been 
termed the Disaster Cycle or Disaster Life Cycle and rep- 
resents much of the basis for planning, response, and 
research into disasters (29). The phases of disasters have 
been variously defined and described. All the divisions of 
the life cycle of a disaster are artificial as one phase of a 
disaster merges with another. However, dividing disasters 
into phases is useful from both a response and research 
point of view (21,30,31). Disaster planning, response, and 
research may be simplified by using the disaster cycle as 
a model for these complex events. 


Rescue 
(Emergency) 


Recovery 


(Reconstruction) 


Quiescent level 


(Interdisaster) 


Prodromal 
(Warning) 


FIGURE 1-1. General phases of the disaster life cycle. 


Quiescent Phase 


Initially, a quiescent level or interdisaster period is 
seen during which the combinations of events that will 
eventually lead to the disaster are occurring. Although the 
disaster in the making may not be obvious, the underlying 
cause of the disaster may be readily apparent. Disaster 
risk assessment techniques may be of benefit during this 
period in predicting what types of local hazards may result 
in a disaster. 


Prodrome Phase 


A prodrome or warning phase develops next and lasts a 
variable amount of time depending on the disaster type. 
The warning period represents a time during which a par- 
ticular event (e.g., a hurricane, volcanic eruption, or armed 
conflict) is clearly likely to occur. Steps may be taken dur- 
ing the warning period to mitigate the effects of the event. 
During this phase, public warnings and protective action, 
such as sheltering and evacuation, may occur. 


Impact Phase 


The impact phase coincides with the occurrence of the 
event. This phase may be short as in an earthquake or pro- 
longed as in famine. Usually, little can be done to decrease 
the impact of the disaster on human populations if prior 
steps have not been taken. Even protective behaviors, such 
as sheltering during a tornado, require previous education 
and warning programs. Proper planning and reasonable 
preemptive actions will have the greatest effect in decreas- 
ing the impact of the actual disaster-causing event. 


Rescue Phase 


The rescue phase (also known as the emergency, the relief, 
or the isolation phase) represents a time during which 
immediate assistance can save lives. During this time, 
people may be salvaged by first responder actions, search 
and rescue, and basic and advanced life-support methods. 
This period often depends on bystander rescue as the 
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local search and rescue agencies (if they exist) may be 
overwhelmed or incapacitated. 


Recovery Phase 


The recovery or reconstruction phase has been variously 
subdivided, but it can be considered as a single entity. 
This phase consists of all the required actions and 
elements (e.g., emergency medical services [EMSs], public 
health, engineering, social services) needed to return the 
population to a functional society. This period may last 
months or years, and it resolves with the community 
returning to the quiescent or interdisaster phase. 


The Geographical Effect 


A well-known truism for disasters in most regions of the 
world is that the closest health care facilities to the dis- 
aster site will be the ones most significantly impacted by 
casualties. This is of clinical and statistical significance, 
and is illustrated in Fig. 1-2 from the casualty distribution 
of the Oklahoma City bombing (32). The geographical 


Geographic 
clustering 


Number of patients 


effect results from a number of factors. Casualties capa- 
ble of self-extrication and transport usually travel to the 
closest facility for care by whatever means is available. 
Laypersons assisting nonambulatory casualties will usu- 
ally transport them to the closest facility. Some casualties 
go to the closest facility out of loyalty to the hospital or 
for financial reasons. 

Prehospital personnel contribute to the geographical 
effect. In the process of triage by first responders, 
casualties are commonly brought to the EMS triage field 
location by laypersons. These casualties may already be 
loaded in the back of pickup trucks or other vehicles. If 
the casualty is stable and there is a lack of immediate 
EMS transport, the layperson drivers are often directed to 
take the casualty to the closest facility (33). In addition, 
after triage and initial treatment, prehospital personnel 
often transport casualties to the closest facility because 
of concerns about patient stability, familiarity with the 
local ED, and hopes of achieving a short turnaround time 
and thereby a rapid return to the field to assist in the 


response. 


Arrival time of disaster victims over 
30-minute intervals following the 
Oklahoma City terrorist bombing 


FIGURE 1-2. The geographic phenomenon with more cases arriving at closer hospitals in a 
shorter period during the Oklahoma City bombing. 
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The geographical effect may result in a substantial 
maldistribution of casualties throughout the community. 
The closer facilities may be overwhelmed with patients, 
whereas other facilities are almost idle. Most disaster 
plans for EMS contain mechanisms to decrease the 
impact of the geographical effect, such as transporting 
some critical casualties to farther facilities or putting 
priority 3 casualties on buses and taking them to more 
distant EDs for treatment. Such actions have met with 
limited success, probably because they go against human 
nature. How many, after losing their home and means of 
transport, are going to be willing to be placed on a bus 
and taken to an unfamiliar hospital on the other side of 
town? Further research into the causes of the geographical 
effect may lead to innovative plans to blunt its impact 
by accepting these acts of human nature and planning 
for them. Community planning for rapid upstaffing of 
impacted facilities by special credentialing of health care 
providers along with augmentation of supplies may be one 
partial solution. 


The Dual-Wave Phenomenon 


Casualties generally arrive for care at EDs after a disaster 
in two waves (28,34). The first wave of patients usually 
begins appearing within 15 to 30 minutes of the impact 
of the disaster. It is comprised primarily of the walking 
wounded or priority 3 casualties due to the fact that 
they were able to self-extricate and walk or drive to the 
ED. Then, within a variable time (on average, 30-60 
minutes), a second wave of casualties begins to arrive. 
These casualties are typically unable to get to the ED 
by themselves because of the need for extrication or 
transport and the severity of their injuries. This second 
wave consists mostly of priority 1 and priority 2 casualties. 
This effect seems to be more pronounced in facilities that 
have been more heavily impacted by the geographical 
effect (32). The danger is in overloading an ED with 
priority 3 and priority 2 casualties from the first wave 
before the arrival of the more critical cases in the second 
wave. Adherence to good triage principles can decrease 
the impact of the dual-wave phenomenon on a facility. 
In addition, recognition of the potential for the dual 
wave by EMS, coupled with enhanced communication 
protocols from prehospital to ED components, may 
improve transport coordination of casualties. Although 
usually noted, the dual-wave phenomenon is not always 
seen at each facility depending on the nature of the disaster 
and the location of the facility in relation to the disaster 
location (35). 


The Babel Effect 


The most common problem associated with any disaster 
is a failure in communications (28). This breakdown is 


due to the sudden increase in the volume and the need to 
communicate on the part of impacted public, responders, 
and witnesses of a disaster. Landline telephones are not 
capable of managing a high percentage of users at one 
time. The result is a rapid saturation of the available 
circuits and a jamming of the telephone lines. Cellular 
telephones suffer a similar fate as the available cells are 
quickly engaged with high-volume traffic. In addition, 
landline facilities and cellular towers may be destroyed. 
Disaster communication plans that rely on cellular or 
landline telephones alone have high risk for failure. 

Radio communication technology is commonly em- 
ployed by emergency and disaster response agencies. How- 
ever, with this technology, the increased volume of radio 
traffic also overwhelms the limited number of frequencies 
available to emergency responders. In addition, local radio 
equipment specifically set aside for disasters usually has 
not been maintained. Therefore, dead batteries and elec- 
tronic component deterioration are a common problem. 
Moreover, the personnel who suddenly need to use the ra- 
dio equipment are often not properly trained. After-action 
reports of disasters often note a lack of ability to com- 
municate between various agencies due to the absence of 
shared frequencies (18). Despite these reports, many agen- 
cies never correct this problem before the next disaster. 

Another common problem is the lack of clear speaking 
during a disaster. Most agencies rely on various codes dur- 
ing radio transmissions to shorten the duration of the call 
and to specify complex meanings. Unfortunately, radio 
codes often vary from region to region and from agency to 
agency. During the 1995 Oklahoma City bombing, an EMS 
inquiry as to the status of one hospital brought the reply 
“We are on Code Black!” The EMS dispatch understood 
this to mean the hospital could take no more patients 
and advised all EMS units to divert from this facility. In 
reality, “Code Black” was the term used at this hospital to 
indicate that it was ready to receive multiple patients (23). 
This simple misunderstanding resulted in a temporary 
overload of a neighboring hospital with EMS-transported 
casualties. Code talking should be avoided during a disas- 
ter in favor of clear speaking, in accordance with the old 
adage, “Say what you mean and mean what you say.” 

Communications is one area where new technology 
may have a profound impact on the ability to respond to 
a disaster. Once the human behaviors and system needs 
behind disaster communication problems are understood, 
new adaptive technologies may be created to minimize 
obstacles (see Chapter 14). 


The Federation Effect 


The helping response of individuals to victims of disas- 
ters is impressive. Like the mythical Federation of Star 
Trek, humans are a species of “Captain Kirks and Kathryn 
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Tanevvays” vvith an innate urge to assist others in immedi- 
ate need. As such, most disasters result in an outpouring 
by the lay public tovvard the disaster area vvith the intent of 
providing assistance. At times this rush of people can in- 
terfere vvith the organized response of professional rescue 
personnel (36). In addition, such altruistic behavior can 
place layperson rescuers at significant risk from specific 
hazards in and around the disaster site. Voluntary medi- 
cal personnel of all levels will also frequently respond to 
disaster sites. Such individuals may also pose unique com- 
plications to the operational efforts of prehospital units. 
Because such voluntary response is a consistently noted 
aspect of human behavior during disasters, it must be 
planned appropriately. 


Layperson Response 


The initial response to the scene of a disaster is usually 
by laypersons residing within the local area. Most of the 
uncomplicated search and rescue is completed by such 
laypersons who arrive at the disaster site shortly after the 
event, before the arrival of professional responders. Many 
disaster response plans call for these laypersons to be 
removed from the disaster zone. However, this may prove 
difficult because it goes against the human drive to assist 
those in need. Most laypersons involved in a disaster 
behave in a logical and organized manner (18) and are 
usually willing to follow the directions of a professional 
prehospital care provider. They may be organized into 
a useful corps of searchers or litter bearers. However, if 
laypersons are used in this manner, care must be taken 
not to expose them to known hazards of the disaster site. 
Some communities have initiated training programs for 
laypersons in areas at high risk for specific disasters such 
as earthquake (37). The aim of such training is to protect 
the public by educating them about the hazards of specific 
disasters and to provide organization and safety protocols 
for the activities these people will be doing anyway. When 
properly educated and deployed, layperson responders 
may provide a substantial augmentation to professional 
prehospital responders. 


Voluntary Medical Personnel 


Voluntary medical personnel responding to a disaster scene 
present additional problems. These individuals usually 
respond to the scene out of altruism, or they are directed 
to the scene by ill-considered requests of the news 
media (although this is far from the only reason for 
response) (23,36). Because these individuals responding to 
the scene have some degree of medical expertise, they may 
be both a blessing and a curse. Most health care providers, 
particularly physicians, are accustomed to a substantial 
degree of control of their practice environment, and most 
are unfamiliar with prehospital protocols or capabilities. 


Such medical practice attitudes do not translate well into 
the chaotic environment of a disaster site. In addition, 
most volunteer health care providers responding to a 
disaster are not aware of the dangers at the disaster 
site. This may result in the injury or death of volunteer 
medical responders (34). Moreover, due to the austere 
conditions at the disaster site, physicians and nurses 
usually cannot provide care that is any more sophisticated 
than that given by paramedics (38-40). Some reports have 
indicated that physicians and nurses responding to the 
scene of a disaster have no significant impact on the 
eventual morbidity and mortality of casualties (41,42). 
Occasionally, volunteer medical responders have even 
been disruptive to the search and rescue and triage 
activities of prehospital personnel (23,28,43). In general, 
during a disaster, medical personnel should report to their 
local hospital in accordance with their hospital disaster 
plan. They should not report to the disaster site unless 
they are part of a special disaster response team that 
has been organized by and that trains regularly with the 
municipal search and rescue agency. Occasionally, the 
medical incident commander may request that specific 
individuals with specialized training, such as confined 
space medicine or surgical expertise, report to the scene 
(see Chapter 11). 


Disaster Supplies 


Two basic problems exist regarding materials needed for 
a disaster response: the organization of available supplies 
and the organization of donations. The disaster response 
during the initial 24 hours usually relies on the available 
resources within the disaster-stricken community. An 
organized approach for sorting and distributing supplies 
to the disaster responders is essential to prevent either 
waste or want. Various strategies exist for accomplishing 
this task, and they should be an integral part of all 
disaster response plans. During a disaster, consumable 
medical supplies should be managed by the logistics 
section of the incident management (command) structure 
(see Chapter 11). Both EMS and hospital departments 
(particularly the ED and surgical units) will need resupply 
during large-scale disasters. It is also a well-known fact 
that most supplies sent to disaster sites (up to 80% 
in some cases) intended for the use of responders are 
eventually lost, unused, and unrecoverable (23,28,32,40). 
The resultant waste may amount to thousands to hundreds 
of thousands of dollars (23,40). Clearly some form of 
intelligent regulation must be applied to the logistical 
management of such materials. 


Push-Pull Supply Concepts 


The concept of push-pull supply has an important relation 
to supply management during disasters. In a “pull” 
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type system, agencies and departments respond vvith 
the supplies they have. As they consume materials, they 
request specific resupply needs that are “pulled” from 
storage stock and sent to the requestor. The difficulty 
in this type of system is that it is disabled when 
communications are down, and it is slow to respond 
in comparison to the real-time needs of the responders. 
One always seems to be in a game of “catch-up” as 
supplies arrive; the responders already have new needs. 
An advantage, however, is that the “pull” method may 
conserve limited resources better in that responders are 
provided only what they ask for in a tailored fashion. 

In the “push” system, one takes advantage of knowledge 
from previous disasters and the predictability of the 
type of supplies that will be needed. Depending on the 
nature of the disaster, preplanned disaster resupply packs 
are rapidly created and dispatched or “pushed” to the 
responders at calculated intervals. These packs vary but 
consist of items, such as IV fluids, IV set-ups, burn packs, 
dressings, tape, back boards, cervical collars, splints, and 
so on. In this method, responders stand a much better 
chance of staying ahead of demand and they are not 
dependent on intact communications to continue their 
mission in the field. 


Medical Caches 


Another valuable concept is the creation of disaster or 
medical resupply caches. These are storage locations of 
prepackaged disaster supply materials that are strategi- 
cally positioned and regularly maintained (expirable stock 
is rotated) throughout a municipal area before a disaster. 
This increases the likelihood that at least one of these 
caches will be close to the disaster scene, allowing more 
efficient and rapid resupply to be carried out. In addition, 
decentralization of disaster response supplies decreases 
the probability that a disaster event could destroy or dis- 
able a municipality's capacity to perform resupply due to 
damage of a central supply facility. 


Donations 


Disasters also result in massive donation programs. 
Although funding is usually the most critical need of 
a disaster area, massive amounts of materials ranging 
from blankets to medications usually arrive. The amount 
and nature of these donations can be so significant as to 
constitute a second disaster (44). Staffing and resources 
must be allocated to manage the flow of such materials in 
an effort to organize and use needed items and to prevent 
the waste of the less useful materials. Nongovernmental 
agencies (NGOs), such as The American Red Cross, The 
Salvation Army, Feed the Children, and others have 
substantial experience in such activities and are often 
able to assist municipalities with donation management 


activities. Management of pharmaceutical donations is 
covered in more detail in Chapter 6. 

A number of methods have been suggested for 
the management of supplies and donations. The Pan 
American Health Organization/VVHO have developed a 
free software program known as SUMA available at: 
http://www.disaster-info.net/. SUMA is a tool for the man- 
agement of humanitarian relief supplies, from the time 
pledges are made by donors, to their entry into the disas- 
ter area and their storage and distribution. Such programs 
may assist in the management of donations coming into 
the area. 


OTHER ISSUES 


Immunization Programs 


Immunization programs are often employed following 
disasters. In many regions of the planet, especially those 
where predisaster immunization rates for endemic dis- 
eases are low, properly managed immunization programs 
may significantly decrease the impact of such diseases. 
Chapter 5 covers such immunization programs in more 
detail. 


Tetanophobia 


The most common immunization given in most disasters 
is tetanus toxoid (34,45). Volunteer and public health 
services often organize community outreach programs 
to provide tetanus shots and other services to a disaster- 
stricken population. The incidence of tetanus in the United 
States has decreased significantly in the past 40 years, 
primarily because of improved wound care techniques and 
tetanus prophylaxis (46). Although a real risk for tetanus 
exists because of wounds suffered during the impact and 
recovery phase of a disaster, these immunizations are 
not without risk; therefore, they should be given after 
intelligent consideration. 

The most common adverse reaction to tetanus toxoid 
immunization is local swelling, pain, erythema, and edema 
at the site of injection. This most frequently occurs in 
the hyperimmune patient, and it is associated with the 
deposition of immune complexes from the serum into the 
tissue around the injection site (47). This usually occurs 
because of a tetanus booster that is given too soon (<5 
years) after the previous booster. These patients present 
to the ED or their primary care physician’s office with 
a red, hot, swollen arm, often with a central structure 
appearing pustulous. Usually this represents an Arthus 
reaction (a type III immune complex deposition allergic 
reaction) but the temptation to treat it as a cellulitis 
with antibiotics is often too strong to resist. The resulting 
scenario is that of a recovery worker who received a 
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tetanus shot from an agency that did not take a proper 
history of immunizations. An Arthus reaction (fever, 
myalgias, pain) develops in the worker (who is working 
hard in the heat); the worker then reports to the local 
ED where he or she is given an antibiotic that causes 
enteric upset and further dehydration and misery. This 
effect of “tetanophobia” may be diminished by adherence 
to strict immunization protocols and education while still 
providing the responders and casualties with important 
and needed protection. 


DISASTER PERSPECTIVES 


Just as there are multiple definitions of disasters, there are 
multiple perspectives in viewing disasters. These various 
perspectives usually reflect the views of the specific in- 
dividuals, organizations, or disciplines involved. As such, 
just as the defining points of a disaster vary with the 
specific areas of interest and goals of entities, so do the con- 
ceptual frameworks by which the elements of the disaster 
are viewed. We will review some of these perspectives. 


Naturalistic Perspective 


A naturalistic perspective (representing what is real; not 
abstract or ideal) is one way of looking at disasters to 
assist in understanding their nature and complex relation- 
ships. In such a perspective disasters may be viewed as 
three basic types: natural disasters, industrialtechnologic 
disasters, and conflict disasters. The importance of the 
naturalistic perspective is that it becomes clear that no 
disaster is of strictly one element. Each disaster type 
overlaps and interacts, resulting in a complex matrix of 
conditions that must be considered in planning and re- 
sponse activities. The relationship of these broad disaster 
types may be demonstrated as a Venn diagram as shown 
in Fig. 1-3. The most common type of disaster is one that 
combines two or more of the basic three types. One such 
disaster type is the combination of natural disasters and 
technological disasters. Natural disasters can also trigger 
conflict-related disasters. History is abundant with inci- 
dents of drought and famine triggering war between rival 
cultures for water and food. Natural disasters can dam- 
age pipelines or industrial facilities, resulting in release of 
hazardous materials. Development of dams may result in 
unintended flooding or drought in surrounding regions. 
Another example of the complex interaction during 
disasters is in computerized information management ap- 
plications. Financial transactions worldwide are carried 
out through electronic data stream and stored in com- 
puters. Failure of a central node of such systems could 
impact the economy of a nation with devastating effects. 
Most health care organizations are dependent on comput- 
erized medical informatics for patient management. Loss 


Industrial- 
technologic 
disasters 


Conflict 
disasters 


FIGURE 1-3. A Venn diagram of the interaction of natural 
hazards, industrial-technologic hazards, and conflict hazards. 


of disruption of these information services due to a cyber 
attack can translate to real life health issues at the points 
of patient care (48). 


Complex Human Disasters 


A specific term for a type of disaster known as a complex 
humanitarian emergency has been used in recent years. 
After World War II, the office of the United Nations High 
Commissioner for Refugees (UNHCR) was created to deal 
with persons displaced primarily due to conflict. This issue 
is covered in Chapter 9. 


Response-Based Perspective 


Other perspectives are based on the required response 
to the disaster. The most commonly used (and basic) 
response perspective was described by Jacobs and is 
predicated on the level of resources needed: levels I, II, 
and III. These levels are described as follows: 


m Level I disasters are those that require only local 
resources. This usually involves an escalated EMS re- 
sponse, municipal resources, and community agencies. 

m Level II disasters are more extensive, requiring regional 
resources at the state level. Mutual aid agreements 
are called upon. There may be requirements for 
special equipments, such as cranes or earth-moving 
equipment. Some skilled personnel may be needed, 
such as specialized search and rescue organizations 
or confined space medicine teams. 

m Level III disasters are more widespread and massive. 
Both state and federal resources are required for the 
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response. In addition, the military may become involved 
through the National Guard or the National Disaster 
Medical System (NDMS). Federalized teams, such as 
disaster medical assistance teams (DMATs) and urban 
search and rescue (USAR) may be activated and sent to 
the disaster site. 


Injury Control Perspective 


Another method of looking at disasters is to conceptualize 
them in relation to the injury patterns caused. This ap- 
proach is also useful in research of disasters. The method is 
also valuable in that it provides a way to simplify complex 
and confusing disasters into a more manageable format. 


Haddon Matrix 


The disaster may be divided into a series of “cells” in what 
is known as a Haddon matrix, demonstrated in Fig. 1-4. 
In the figure, the elements of the disaster are placed 
in a matrix as to the phases of its life cycle, and four 
potential factors that play an important role in causing 
injury (49). The cells of each intersection of time phase 
and factor are then considered and filled in with spe- 
cific points associated with that cell. As examples of the 
prodrome-human cell intersection, such points as popula- 
tion growth, population movement to disaster prone areas, 
increased urbanization may be listed. These points may 
also suggest potential mitigation activities, such as dis- 
couraging movement to disaster-prone areas or creation of 
better rural infrastructure to discourage urban migration. 


Potential Injury Creating Event 


Other attempts have been made to visualize disasters 
according to the way in which they create physical injury. 


Human Structure Physical İSocioeconomic 
factor | technology | environment factor 
Prodrome 
Impact 
Recovery 


FIGURE 1-4. A Haddon matrix applied to the condition of 
a disaster. 
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FIGURE 1-5. The potential injury creating event (PICE) per- 
spective of disasters. 


Under the potential injury creating event (PICE) method 
suggested by Koenig et al, events may be classified 
according to the potential for casualties, the impact 
on the local medical capabilities, and the extent of 
geographical involvement (50). Such a methodology is 
useful to disaster planners, responders, and researchers. 
The basic PICE matrix is demonstrated in Fig. 1-5. There 
are four components to the matrix used to describe a 
specific disaster, which are as follows: 


m The potential for additional casualties (column A) 

m The degree of disruption of local services (column B) 

m The geographical boundaries of the event (column C) 

m The probability of needing outside assistance (col- 
umn D) 


Column A represents the estimated probability of ad- 
ditional casualties as static (a known or well-estimated 
number) and dynamic (unknown or ongoing injury mech- 
anisms). Column B is the assessment of the status of 
responding resources defined as controlled (adequate re- 
sources to meet current needs), disruptive (augmentation 
of resources is needed), or paralytic (resources must be re- 
constituted or reconstructed). Column C defines the level 
of geographical involvement of the disaster defined as 
local, regional, national, or international. Finally, column 
D defines the probability that outside assistance will be 
needed by characterization of a PICE stage. The PICE stage 
is defined as stage 0 (very low probability), stage I (small 
probability—place outside resources on “alert status”), 
stage II (moderate probability—place outside resources 
on “standby status”), and stage III (local resources are 
overwhelmed—activate and mobilize outside resources). 

The PICE perspective of disasters translates the proba- 
bility of a specific event causing (and continuing to cause) 
injury into an active but staged response. This perspective 
not only has utility at national and municipal levels, but 
may be applicable to individual services and health care 
facilities (51). 
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Geographical Perspective (Disaster 
Zones) 


Early work by Wallace and others have conceptualized a 
set of concentric zones surrounding most disasters (52). 
The focus of the geographical perspective is the various 
activities occurring in each of the identified zones. It was 
noted that the major activities occurring in each of these 
zones have similarities in various disasters. A perspective 
based on these zones has been used to conceptualize 
the activities in each zone to help couple the type and 
degree of assistance allocated to each disaster zone. The 
geographical zones are demonstrated in Fig. 1-6. 

The zone of total impact and the zone of marginal 
impact represent areas that are directly damaged by the 
disaster. Both zones have variable levels of structural 
ruin and casualties depending on the type and severity 
of the disaster. The distinction between the two zones 
may not be readily apparent to rescue workers but may 
represent a distinction in the degree of assistance needed 
for that zone. The zone of filtration represents a region 
not directly affected by the disaster. It is within this zone, 
however, that refugees from the total and marginal impact 
zones migrate in an attempt to escape the shock of the 
heavily damaged regions. This may put heavy stress on 
the local facilities for health care, sanitation, and nutrition 
resources. It is often within this zone that refugee camps 
are established (either spontaneously or by design). The 
zone of national and international aid represents the 
collection and coordination zone for the arrival of various 
levels of relief supplies and personnel. 
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FIGURE 1-6. The geographic perspective of disasters. 
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FIGURE 1-7. The perspective of disasters based on their specific 
characteristics. 


Characteristic Perspectives 


In early studies, natural disasters have been viewed on the 
basis of predictability, lethality, scope, and onset rate (29). 
Such a perspective allows comparison of various types of 
natural disasters as to the relative impact on a population. 
This characteristic-related perspective is demonstrated in 
Fig. 1-7. This method could conceivably be applied to other 
types of disasters for comparison. Although it provides a 
way to contrast disasters, it fails to delineate many of 
the complexities of the disaster process. Validation of the 
scales used is also difficult. 


SUMMARY 


Disasters are highly complex events resulting in immediate 
medical problems, as well as longer-term public health 
and psychoemotional disruptions. Responding to disasters 
effectively requires an understanding of the operative 
forces within disasters and of the common responses of 
human populations in a disaster situation. Disasters often 
share a set of common events and recurrent problems. 
Understanding these recurrent issues allows for prediction 
and improved planning for many elements of a disaster. 
Organization of thinking about disasters into phases and 
viewing disasters from various perspectives can assist in 
understanding these chaotic events. 
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Triage 


David E. Hogan and Julio Rafael Lairet 


I have measured out my life with coffee spoons. 
T.S. Eliot 


It has been said that disaster triage cannot be taught, it 
must be lived. In some sense this may be true. Triage 
involves a complex cognitive matrix of interrelations 
composed of physical stimuli, medical knowledge and 
motor skills, knowledge of dynamic changes in casualty 
condition, resource availability, and human capacity. It is 
not, however, possible for all of us to experience a disaster 
and learn disaster triage methods before we are called 
upon to use these skills ourselves. As such, we must learn 
all that we can not only from those who have experienced 
and performed triage during a disaster, but also from the 
scientific analysis of triage methods. 

To learn processes associated with disaster triage is 
to learn an inexact science. The application of the triage 
process to medical decision making is a relatively new 
idea. Even the term triage has evolved from prioritizing 
care given during battles, to a procedure of sorting and 
organizing emergency medical care on a daily basis in 
local emergency medical service (EMS) systems and com- 
munity emergency departments (EDs). Triage is usually 
performed rapidly, with little or no documentation of the 
process. This makes triage difficult to be formally stud- 
ied. Although some good research has been performed on 
various aspects of triage, most recommendations on the 
performance of triage during a disaster are based only on 
consensus opinion. Although various patient prioritiza- 
tion processes are carried out under the name of “triage,” 
this chapter will focus on the application of the triage 
process during disasters. 

The three major phases of initial mass casualty and dis- 
aster care are as follows: triage, evacuation, and definitive 
medical management (1). Triage is the keystone of good 
disaster medical management (2). Well-performed triage 
at the entry point of the hospital (usually the ED) is the 
most important factor in a successful management for a 
mass casualty event (3). The evidence is clear that prop- 
erly performed triage is a prime determinant of survival 
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in critically injured casualties (4-7). The performance of 
accurate triage provides disaster responders with the best 
opportunity to do the greatest good for the greatest num- 
ber of casualties. Performing triage in a disaster setting 
requires a paradigm shift on the part of those performers, 
and it is highly dependent on experience as well as edu- 
cation. No single book or training program can provide 
sufficient information for training a triage officer. This 
chapter will, however, attempt to provide a perspective 
of triage based on the views of individuals who have per- 
formed disaster triage, as well as on the available scientific 
data on the topic. 


HISTORICAL PERSPECTIVE 


The word triage is derived from the French word trier, 
which means “to sort.” The way in which patients are 
triaged or sorted for care has evolved throughout history. 
The origin of modern triage can be traced back to the 
Napoleonic era where Baron Dominique Jean Larrey 
(1766-1842), a surgeon in Napoleon’s army, developed 
and implemented a system in which the soldiers requiring 
the most urgent care were attended to first regardless 
of rank (3). His system also instituted initial treatment 
of the wounded while still on the battlefield, before being 
transported to hospitals located in the rear. Before Larrey’s 
time, all of the wounded would remain in the battlefield 
until the battle was complete, after which they would be 
gathered and transported to the hospitals where care was 
initiated. This delay of care often resulted in unnecessarily 
poor outcomes. 

In 1846, John Wilson introduced the next major 
contribution to current triage philosophies. He noted that 
for lifesaving surgery to be effective it must be initiated 
for the casualties in most need, while simultaneously 
withholding care both from casualties whose injuries 
would likely prove fatal and also from those casualties 
whose care could be deferred until later. 
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World Wars I and II brought advances to the approach 
and treatment of acutely injured casualties. During 
World War I, casualties were triaged at central casualty 
collection points from where they would be directed to the 
appropriate receiving facility. World War II introduced a 
tiered approach to triage in which casualties were first 
treated in the field by medics and were then passed down 
the line to higher levels of care as dictated by the level 
of injury. This approach was responsible for saving more 
lives, especially in soldiers with abdominal wounds, than 
any other factor during World War II (3). 

During the Korean War, air medical evacuation of 
patients after initial triage became common, greatly im- 
proving the survival of casualties. This system was further 
refined during the Vietnam conflict, where rapid triage 
and advanced resuscitation in the field were coupled with 
helicopter evacuation. These triage and evacuation tech- 
niques resulted in a reduction in mortality rates from 4.7% 
in World War II to 1% during the Vietnam conflict (3). 
As the art of triage has further evolved, casualty outcomes 
have improved. One variable aiding this has been a de- 
crease in the time from injury to definitive care. During 
World War II, the average time lapse from injury to defini- 
tive care was 12 to 18 hours; this time span was decreased 
during the Vietnam conflict to less than 2 hours (8). 


TRIAGE PHILOSOPHY 


Multiple approaches to triage are found in the literature 
and in practice. Most triage methodology is focused on 
the prehospital sorting and distribution of casualties, as 
no consistent approach for teaching or performing triage 
after the prehospital encounter has been definitively es- 
tablished. One model for understanding disaster triage 
divides the overall practice of triage into the following five 


conceptual categories: daily triage, incident triage, disaster 
triage, tactical military triage, and special condition triage. 

Daily triage is performed on a routine basis in the 
emergency care system. Triage categories vary from 
institution to institution, but their overall goal is to 
identify the sickest patients to supply early evaluation 
and treatment. In addition, the highest intensity of care 
is provided to the most seriously ill patients, even if those 
patients have a low probability of survival. In this setting, 
optimal care is provided to all presenting patients. 

Incident or mass casualty incident (MCI) triage is a 
continuum of the triage philosophy that comes into place 
when the local emergency care system becomes more 
stressed but is not overwhelmed. During this type of triage, 
the highest intensity of care is still provided to the most 
critically ill casualties. Additional resources may be used 
(on-call and backup personnel), but disaster plans may 
not be activated. The minimal or delayed cases may wait 
for longer periods than they might during daily triage 
function, but they will eventually receive care. Optimal 
care is still provided to all casualties. 

Disaster triage is employed when the local resources 
are unable to provide immediate care on a timely basis 
to all casualties needing such care. The philosophy of the 
health care provider changes from providing high inten- 
sity care to the sickest casualties to doing the greatest 
good for the greatest number. With the limited availability 
of resources to care for the number of patients arriving 
(termed resource-constrained triage) resource management 
considerations come into play. The focus shifts to iden- 
tifying of seriously injured casualties who have a good 
chance of survival with immediate medical interventions 
and resources. This is approached by the identification of 
casualties at the extremes of injury, a concept depicted in 
Fig. 2-1. The initial goal is to sort casualties into those 
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FIGURE 2-1. The focus of triage at ex- 
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who are lightly injured and who can wait for care without 
risk and those who are so hopelessly injured that they will 
not survive. When this has been done, a central cadre of 
casualties will be identifiable—those with serious and crit- 
ical injuries. The set of serious and critical casualties are 
then prioritized for transportation and treatment based on 
their level of injury and the available resources. Casualties 
with hopeless injuries and little chance of survival may 
receive only compassion, pain relief, and monitoring with 
frequent reevaluation by triage. 

Tactical and military triages are quite similar to other 
forms of triage. The unique characteristic, however, is 
the addition of an overall mission-oriented perspective. 
Some triage decisions may be based primarily on mission 
objectives rather than on usual medical guidelines. In 
essence, this philosophy still follows “the greatest good” 
approach because failure to achieve a mission objective 
may have profoundly adverse results on the health and 
well-being of a much greater population. 

Special condition triage may be used when addi- 
tional factors are present in the population of casualties. 
Examples of these include incidents involving weapons 
of mass destruction (WMD) with radiation, biological, 
or chemical contaminants. These casualties may suffer 
from the additive effects of such agents (e.g., increased 
mortality in radiation-contaminated trauma cases). Addi- 
tionally, decontamination may be needed, and protective 
equipment may be required for health care providers. 

Distinction should be made between an incident 
that generates mass casualties and results in a local 
misdistribution of those casualties and resources and a 
true disaster that destroys or disables the regional medical 
infrastructure for a long period (9-11). A misdistribution 
of casualty and resource within a given area that has a 
reasonably intact medial infrastructure can usually be 
remedied within 24 hours (12). Total loss of medical 
infrastructure, as seen through much of the path of 
Hurricane Katrina, will require that triage and treatment 
philosophies be maintained in the disaster mode for a 
longer period. 


TRIAGE CONCEPTS 


The Triage Process 


To manage the multiple casualties of a disaster, some 
organization of the many people needing care must be 
achieved. Categorization of the casualties is carried out by 
one or more individuals defined as a triage officer. During 
this brief evaluation, known as the triage evaluation or 
simply triage, the severity of injury and probability of 
survival is assessed for each casualty. Each casualty is then 
identified as meeting criteria for a specific triage category 
and in some way, usually by a triage tag, placed into that 


triage category. Each cohort (group of casualties) is then 
organized in some way to await transportation, evaluation, 
and definitive care. Although it sounds like an organized 
process, triage in disasters rarely works so cleanly. 


Triage Categories 


Over the years, many different triage systems have 
emerged. Although various nomenclatures and systems 
are in common use throughout the world, commonalities 
do exist. Most systems of triage sort patients into four 
major categories designated by colors. The deployment of 
prehospital triage resources and organization of personnel 
are discussed in Chapter 11. A discussion of the terminol- 
ogy and organization of such categories and the cohorts 
(groups) within them are important in understanding the 
triage process. 

A priority 1 or immediate (RED) patient is classified 
as one whose injury is critical but who can be cared for 
with minimal time or resources and who, after treatment, 
would have a good prognosis for survival. Examples 
include a casualty with a massive hemorrhage that can 
be controlled with a simple operative procedure or one 
with a tension pneumothorax who needs only a needle 
thoracostomy and chest tube for stabilization. 

Priority 2 or delayed (YELLOW) casualties include 
those whose injuries are significant but who are able 
to tolerate a delay in care without the risk of substantial 
morbidity. A casualty with an isolated simple femur or 
humerus fracture would be placed in this category. 

Priority 3, minimal, or nonurgent (GREEN) casualties 
are those whose injuries are minor enough that they 
can wait for treatment (also known as the walking 
wounded). These casualties can be addressed after caring 
for casualties with more serious injuries, or through 
directed self-care. Examples include isolated abrasions, 
contusions, sprains, minor fractures, or an isolated 
laceration with bleeding that has been controlled without 
the loss of a significant amount of blood. 

Expectant patients (BLACK) include those whose in- 
juries are so severe that they have only a minimal chance 
of survival even if significant resources are expended. 
Examples of expectant casualties are those with massive 
head injuries or a 95% coverage with third-degree burns. 

Some have discussed adding a further category (BLUE) 
to include casualties who will probably not survive but who 
should be transported and treated after priority 1 patients 
but before priority 2 patients (3,13). The logic behind this 
is that most priority 2 cases are able to wait and that 
some of the cases that are triaged as expectant fall into 
this category. This would relieve prehospital personnel 
from making some of the decisions regarding expectant 
cases. In addition, if resources are available, these cases 
can receive interventions as indicated. The addition of a 
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further category is, hovvever, not generally accepted at this 
time. 

In addition, casualties who are unresponsive, pulseless, 
and breathless when they are encountered are triaged as 
dead. In a disaster situation, resuscitative attempts should 
not be initiated. Dead victims should be tagged for record 
only and should be moved to a separate location far from 
living casualties as soon as possible. 


Minimal Acceptable Care 


When casualties start to arrive from a disaster, the initial 
concern at triage (in trying to do the greatest good) is 
to preserve the capacity of the hospital to treat those 
casualties with serious injury or illness but with a high 
probability of survival (immediate casualties). In doing so, 
one should attempt to provide optimal care for that cohort 
of immediate casualties. This being said, in a disaster 
situation where trauma resources are limited, the only 
way to provide optimal care to immediate casualties 
is to deliberately divert key personnel and resources 
from the less seriously injured or ill casualties (14). In 
doing so, it means that those casualties with less severe 
injuries or illness will receive a lower level of care than 
they would if unlimited resources were available. This 
brings up the point, what is the minimal acceptable care 
level that should be provided to delayed and minimal 
casualties? Some examples of minimal acceptable care 
that have been discussed in reports, include splinting long 
bone fractures initially without radiographs, empirical 
chest tube placement, initial restriction of computed 
tomography of the head to casualties with only specific 
criteria of head injury, use of fluids and symptomatic 
care only in some cases (14,15). Some studies of military 
conflicts have indicated that up to 70% of wounded 
casualties survive and do well for up to a week with 
nonsurgical intervention (15). 

The primary problem with providing “minimal accept- 
able care” is that we have no good studies as to what 
minimal acceptable care is. Some reports have defined the 
population characteristics and outcomes from cohorts of 
individuals during combat who were treated under subop- 
timal conditions because of the tactical situation (16,17). 
However, using such information in a prospective manner 
may not be well supported from these reports alone. It is 
unlikely that prospective studies will ever be done in this 
setting owing to ethical considerations. However, contin- 
ued reporting of the outcomes of cohorts receiving such 
delayed care and improved consensus opinion may help 
provide badly needed guidance. It is the aim that such 
minimal acceptable care will stabilize and comfort the 
cohort of casualties who must wait without significantly 
decreasing their probability of survival, or increasing their 
probability of complications. 


Undertriage and Overtriage 


The concepts of undertriage and overtriage are impor- 
tant to the overall understanding of the triage process. 
Undertriage is associated with triage sensitivity in identi- 
fying patients needing critical care interventions. It results 
when the triage evaluation underestimates the severity of 
injury and classifies the patient as noncritical. This has 
an obvious impact on the morbidity and mortality of the 
individual patient. Because no triage system is perfect, his- 
torically acceptable undertriage rates have been defined 
as 5% or less (18). 

Overtriage occurs when a noncritical patient is triaged 
as a critical casualty. Rates of overtriage of up to 50% 
have been historically defined as acceptable in an effort 
to reduce undertriage (19). Initial efforts in disaster triage 
have been directed at decreasing the level of undertriage 
with its logical and apparent adverse impact on the 
individual casualty. However, it has become apparent 
in the last few decades that overtriage has the less 
obvious effect of overburdening the critical care system 
with noncritical patients (20). In fact, overtriage in the 
performance of mass casualty trauma care has been 
demonstrated to have an adverse impact on the outcome 
of immediate casualties due to the diversion and dilution 
of resources from this cohort (20). It is less clear what 
the impact of undertriage is on the survival of either the 
individual casualty or the entire cohort of injured. 

In the reality of triage, very high overtriage rates have 
been detected during mass casualty disaster settings. As 
example, both large and small bombing episodes have 
noted overtriage rates in excess of 50% (20,21). The 
reasons for such high rates of overtriage have been 
considered by several authors. The rapid pace of triage 
evaluation used by most triage officers coupled with a 
lack of clear methods or guidelines cannot in general 
differentiate between casualties needing immediate or 
delayed care (14). A simplified triage scheme has been 
suggested by some at the level of the ED consisting of only 
two categories, “sick” and “not sick” (14). It is thought 
that such a simplified system, if based on a valid triage 
examination, could more accurately place casualties in 
treatment categories without decreasing the level of care 
provided to immediate trauma casualties. 


The Nature of Disaster Casualties 


In general, the casualties presenting during a disaster are 
a mixture of individuals seeking evaluation and medical 
care after suffering the effects (usually traumatic but po- 
tentially medical from toxic chemical or biological agents) 
of an MCI. This differs from the population seen during 
routine or daily triage in that most individuals presenting 
during a disaster will have been exposed to similar (or 
even the same) injury mechanism(s) collectively. Because 
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of this, the nature and frequency of the arriving casual- 
ties’ injuries or illnesses may be statistically predicted 
on the basis of scientific analysis of previous similar 
events as long as the nature of the disaster mechanism 
and the characteristics of the population impacted are 
known (10,22). Such an understanding, although based 
on statistical estimates, allows the emergency health care 
providers to anticipate and plan more effectively for the 
likely disaster/mass casualty events in their communities. 
The characteristics therefore, of the casualties present- 
ing from a mass casualty or disaster event, are potentially 
much better known before arrival than the myriad of cases 
presenting to the ED during a usual work day. 

The specific characteristics of the population seeking 
care after a disaster will also be dependent on the location 
of the disaster impact. That is, ifa bombing event occurs at 
a football game, the age, sex, constellation of prior medical 
problems, and so on, will be considerably different from 
the same bombing at a grade school. The average pop- 
ulation and composition of such populations at various 
times of day, estimated for high risk “targets” for disaster 
should be part of any routine disaster assessment for a 
community. This information will allow the emergency 
health care provider to make educated approximations of 
potential casualty characteristics before casualties have 
even begun to arrive at the triage location (10,12,22). 


TRIAGE PRACTICE POINTS 


A number of points are implicit in the performance of 
disaster triage. By outlining some of these points briefly, 
we may clarify parts of the general framework upon which 
disaster triage is supported. These points are NOT laws 
and they are often not even consistent for every disaster 
situation. Indeed, it is not clear that all the practice points 
about to be delineated are true. Nevertheless, they are 
present in the form and philosophy of currently practiced 
disaster triage. 


1. Most disaster triage methods used throughout the 
world are based on consensus opinion, not on clear 
scientific research. This is primarily owing to the 
difficulties in performing good research on the process 
of disaster triage (10,23). 

Disaster triage decisions are usually based on the 
opinion of a single individual performing the triage 
or along with a partner. By definition, this individual 
is a triage officer. 

Disaster triage is an unfamiliar act, not performed in 
a similar manner during daily practice of medicine. 
That is, disaster triage is outside usual daily experi- 
ence. 

Disaster triage is often performed under great emo- 
tional and physical duress and in conditions of adverse 
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environmental stress. Increasing such stress decreases 
the accuracy of the triage decisions made (24). 
Disaster triage does not involve a full examination 
of the casualty, only select portions of a history and 
physical will be obtained. 

Disaster triage does not involve treatment of casual- 
ties, except for the occasional rapid maneuvers that 
may stabilize an immediate casualty for treatment. 
Any such rapid maneuver must be part of the triage 
protocol and takes no more than seconds to perform. 
To tie up a triage officer with treatment responsi- 
bilities will decrease the effectiveness of the disaster 
triage activity and likely increase the morbidity and 
mortality of the entire cohort of casualties. 

Disaster triage is a programmed process in that the 
same types of evaluation—and data point collec- 
tion—are obtained on each casualty who is encoun- 
tered. These data points will vary depending on the 
system used by the triage officer. It is expected that 
the data points selected for each system used provide 
a “window” into the condition and stability of the ca- 
sualty. 

Disaster triage is a dynamic process. Triage will 
need to be repeated on casualties who must wait. 
The condition of casualties changes, availability 
of transportation and resources changes—all these 
things alter the conditions under which the initial 
triage decision and therefore the triage “category” of 
the casualty was made. As such, triage categories must 
often be changed to meet the conditions imposed by 
such fluctuations of reality. 

Disaster triage involves not only the evaluation of 
specific data points of the casualty, but also knowledge 
of the nature and number of all casualties presented 
and triaged at any point in time. 

Disaster triage requires knowledge of the number and 
nature of casualties likely to still arrive. This may 
be estimated through field intelligence reports—if 
accurate. In addition, the astute triage officer will 
likely have already made an estimate of the probable 
number and nature of casualties likely to present 
based on the known disaster injury mechanism and 
the population impacted. 

Disaster triage requires that the capabilities of the ED 
and the health care facility (HCF) be known by the 
triage officer. Changes in the status of these capa- 
bilities must be communicated to the triage officer 
regularly as this plays a key role in decisions made. 
On occasion, casualties with hopeless injuries or 
illness may be determined to need only palliative care 
and compassion based on the availability of health 
care resources. This initial determination, however, 
may change as the situation evolves (see point no. 8). 
Casualties having been triaged are placed in triage 
categories. Triage categories are artificial conceptual 
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constructs for use in decision making regarding the 
immediate medical management of a large group of 
people. Triage categories for the individual casualty 
can, and should, change depending on changes in the 
casualty’s condition and the availability of resources 
(see point no. 8). 

14. Some casualties will deteriorate rapidly if not defini- 
tively treated soon after their injury or illness is 
manifest. 

15. Some casualties will have no significant change in 
outcome if they wait a fairly long period to be treated. 

16. Some casualties will remain stable for a short period 
with minimal or no interventions before deterioration 
of the probability that they will have a good outcome. 

17. Disaster triage requires knowledge of anatomical, 
physiological, and therapeutic principles of the hu- 
man. In general, the more knowledge base possessed 
by the triage officer, the better the triage decisions. 

18. Disaster triage requires a set of clinical evaluation 
skills and experiences for the human. In general, the 
more clinical experience the triage officer has the 
better. 

19. In disaster triage, it is the alteration in physiology 
that should be focused on, not the disruption of the 
anatomy (7,25,26). 


Utilitarianism and the Greatest Good 


In disaster triage, we speak of the aim of “doing the 
greatest good for the greatest number.” What is meant 
by “the greatest good?” These are lofty words to be sure, 
but what do they mean in human terms for the casualties 
presenting to the ED during a disaster? Although it is 
clearly our intention to benefit the largest number of 
casualties, and provide the best service to society, we 
cannot currently be sure that our disaster triage methods 
are achieving this. 

Although an oversimplification of the topic, disaster 
triage has been equated in some aspects with the 
philosophy of utilitarianism. This is an ethical theory 
based on the numerical or quantitative maximization of 
some “good” in society. Often in the context of this theory, 
the “good” may be defined as an increase in “happiness” 
or inversely as a decrease in the amount of “pain.” The 
term utilitarianism has been explored and modified in 
many directions, especially since the works of David 
Hume in the 18th century and Jeremy Bentham in the 
19th century, both of whom are usually credited with 
first clearly defining the thoughts of utilitarianism (27,28). 
We believe it important to briefly review the concept of 
utilitarianism as it relates to disaster triage. 

To use an example, suppose the chief surgeon in a 
trauma center evaluates ten casualties from a disaster. 
The surgeon determines that there are five immediate ca- 
sualties and five delayed casualties. On further evaluation, 


the surgeon finds that of the five immediate casualties, 
one needs a new liver, one a new heart, two new kidneys, 
and the last new lungs. Without these transplants all five 
of the immediate casualties will die. The surgeon notes 
that within the group of delayed casualties is a relatively 
healthy individual in whom all the above organs are fully 
intact and (by some miracle of our thought experiment) is 
of exactly the right genotype to serve as an organ donor 
to all five of the immediate casualties. Would not the 
“greatest good” be served by the surgeon removing the 
healthy casualty’s organs, thereby killing one individual, 
but saving five? 

If one looks at this example strictly from the point 
of view of an individual following utilitarianism (a so- 
called rule utilitarian) there is no question. To achieve 
the greater good, the surgeon should violate the rights 
of the single individual (in this case by killing them and 
removing the organs—a rather severe violation of rights 
we think) and implant the organs in the five needful 
casualties. This act would clearly save more lives, increase 
the overall happiness in society, with five happy and living 
casualties, and only one dead casualty. The strict rule 
utilitarianism approach used in the preceding text may, 
from the numerical standpoint look quite good, except as 
the Bard has written, “J could be bounded in a nutshell, and 
count myself a king of infinite space, were it not that I have 
bad dreams” (29). This would be a disturbing situation not 
likely to allow our hypothetical trauma surgeon a good 
night’s sleep for quite some time. 

Clearly such behavior on the part of the medical 
staff at any time would not be acceptable to society. 
This hypothetical scenario illustrates that one must apply 
specific rules to the performance of disaster triage. In 
this case, the rule applied may simply be that “trauma 
surgeons should not kill and harvest the organs of healthy 
people for trauma casualties—no matter how much benefit 
it may seem to be to society.” The act of seriously violating 
the rights of a single person by killing the person, even 
to provide life-sustaining surgical transplants to a larger 
number of casualties is considered morally wrong. Such 
rules are rarely written as there is no need to do so. 
Most humans have no difficulty with this concept as it 
simply “feels” wrong to do such a thing. This fact likely 
has more to do with our neural and social evolution as a 
species rather than a learned concept (30-32). However, 
it is not enough to simply triage by what “feels” right. 
The triage officer may certainly be guided by compassion 
and feeling, but must maintain, as much as possible, an 
objective approach based on knowledge and experience. 
Therefore, triage decision making during a disaster must 
be based on science when we have it, experience when we 
have gained it, and compassion when dictated by moral 
principles of society. 

Another of the difficult questions that may arise during 
disaster triage is as follows. Suppose a casualty arrives 
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with a low probability of survival even with extensive use of 
resources, such that treating this casualty will endanger or 
cost the lives of a number of other less-injured casualties. 
However this same casualty is known to have knowledge 
or skills that, if they survive, will significantly benefit 
thousands or millions of people. Should such a casualty 
with a “high level of social worth” not receive a higher 
triage priority? Questions such as this will clearly pose 
ethical difficulties for the triage officer. It is the consensus 
of most that if one stands by the process of triage decision 
making based on the best medical probabilities and 
principles available, the optimal outcome will be obtained 
for both the casualty and society in general. Further related 
implicit points in triage include the following: 


1. There exists, at the point in time that one is evaluat- 
ing casualties under the doctrine of disaster triage, a 
limited amount of medical resource. These are literal 
resources, such as surgeons, operating rooms, medi- 
cations, blood products, intravenous fluids, dressings, 
ventilators, and the like. All these are the physical and 
consumable items that are needed to provide care to 
the arriving casualties. This represents the mismatch 
between casualties and resources. 

There are going to be a certain number of casualties 
arriving who will die shortly after arrival, but may 
be saved a very high percentage of the time if they 
are identified rapidly, and obtain simple surgical or 
medical interventions. These represent a cadre of 
casualties who will consume only small to modest 
amounts of medical resource, but will likely have 
an excellent outcome if treated. These casualties are 
usually termed immediate. 

There are going to be a certain number of casualties 
presenting with injuries or illness such that even with 
extensive use of resources, the probability of survival 
(let alone a dismal outcome) are statistically nonexis- 
tent. These casualties are usually termed expectant. 
There are going to be a certain number of casualties 
with injuries or illness that require treatment, but 
may have their treatment delayed without significant 
risk for a variable period of time. These casualties are 
usually termed delayed. 

There are going to be a certain number of casualties 
who require little or no treatment and will do well 
with directed self-care or care postponed more than 
24 hours with little or no risk, these casualties are 
usually termed minimal. 

The resources consumed by casualties in points 2, 
3, and 4 are such that they could treat a number of 
individual casualties described in point 2. 
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It is never a matter of deciding who is to live, or who is 
to die, although it may seem that such an outcome is im- 
plicit with the triage decision made. It is rather a matter 
of determining on whom a limited amount of lifesaving 


resource will be expended first. Disaster triage would be 
unnecessary if unlimited resources were constantly avail- 
able, but this is clearly not the case in reality. Although 
the primary fact of a disaster is that there is an imbalance 
between the casualties seeking care, and the available re- 
source, even in the best-equipped medical communities, it 
takes some time to balance out the resource and demand 
equation. Until sufficient resource is available for all casu- 
alties, disaster triage must be applied. To use a “first come 
first served” application of resources during a disaster will 
always result in an increased morbidity and mortality rate 
for the entire cohort of casualties and cannot be allowed. 

It is also important to understand that we do not yet 
have a perfect triage method. As example when the process 
of triage is broken down into a mathematical set of prob- 
abilities, we find that always treating casualties triaged as 
“immediate” before those triaged “delayed” may actually 
result in a lower probability of overall survival for the pop- 
ulation being treated. This analysis has been described 
recently by Sacco et al., and is demonstrated in Fig. 2-2. 

In this demonstration, the problem that can potentially 
result from dogmatically following a triage dictum based 
on consensus opinion is outlined. Suppose the same 
trauma surgeon from the previous example is presented 
with ten total casualties. Resources exist to treat only five 
casualties each hour (therefore disaster triage will need 
to be applied). The assumption of this example is that 
our trauma surgeon-cum-triage officer is going to follow 
a triage protocol consistent with most currently used, 
in which casualties triaged as immediate will always be 
treated first. Five of the casualties are triaged immediate 
and five are triaged as delayed (convenient for this 
example). 

Suppose we know that the probability of survival for 
each of the immediate casualties with treatment is equal 
to 0.10, termed the immediate estimated survival potential 
(IESP). Let us also suppose that we know the estimated 
survival potential for the casualties triaged as delayed 
estimated survival potential (DESP) is equal to 0.65. If 
we look at the aggregate probability of survival for each 
group (simply by adding the individual probabilities in 
this example) we find that the aggregate probability of 
survival in the immediate cohort, immediate aggregate 
expected survival (IAES) is 0.50. That is, the total number 
of survivors expected in this group of five casualties is 
between zero and one. For the five delayed casualties the 
aggregate probability, delayed aggregate expected survival 
(DAES) of survival is calculated at 3.25. Therefore, in this 
cohort of five delayed patients, three to four casualties 
should survive with treatment. 

Now suppose during the hour it takes to treat the 
first five immediate casualties (of whom only one might 
survive) the conditions of the five delayed casualties 
deteriorate somewhat from a survival probability of 0.65 
to 0.25 despite providing minimal acceptable care. This 
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Delayed casualties 
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= DESP =.65 .65 .65 .65 .65 
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Immediate estimated survival potential = IESP 
Immediate aggregate expected survival = IAES 
Delayed estimated survival potential = DESP 


Delayed aggregate expected survival = DAES 10 casualties is 3.35 


means that by the time these casualties are treated their 
aggregate probability of survival has gone from 3.25 to 
1.25. So we now would expect only one or two survivors 
from this delayed group after treatment. 

The general point of this example (similarly discussed 
by Sacco et al. in other venues) is that if we adhere 
to a doctrine of treating the “worst-first” dogmatically, 
we may actually decrease the probability of overall sur- 
vival, in this example from 3.35 if the delayed casualties 
are treated first, to 1.73 if the immediate casualties are 
all treated first. Obviously, more work needs to be done 
to improve disaster triage. A number of triage methods 
are being investigated, especially for use at the level of 
the ED. Some integrate handheld computers to assist 
in survival probability calculations and overall resource 
management. Computerized triage programs are becom- 
ing available that seem to have good interrater reliability 
and validity (33). Because such data is maintained within 
a computer database at the time of collection, promise is 
held for more objective organization, documentation, and 
analysis of the triage process. 

It is clear from the discussion so far that the triage 
officer will need to make some very difficult decisions 
regarding prioritization of transport and care. It is in 
the altruistic nature of most humans to provide aid 
and assistance to our fellows in times of disaster and 
distress (30,31). It is critically important, however, that 
the triage officer has a clear understanding as to the origin 
and foundation of disaster triage. Such an understanding 
will assist in the determination of actions during the many 
ethical questions posed during the performance of disaster 
triage. As noted before, triage decisions must not be made 
on the perceived “social worth” of the casualty. To do 
so takes the triage decision from the realm of medical 


deterioration in the casualties’ conditions 
DAES =.25 1.25 +.25 +.25 +.25 =1.25 


By treating all immediate casualties first, 
the expected probability of survivors for all 
10 casualties is 1.75. If the delayed 
casualties are all treated first (before their 
probability of survival decreases in the first 
hour) then the probability of survival of all 


FIGURE 2-2. Probability exercise in disaster 
triage. Example patterned after Sacco WJ, 
Navin M, Fiedler KE, et al. Precise founda- 
tion and evidence-based application of resource- 
constrained triage. Acad Emerg Med 2005;12: 
759-770. 


prioritization of treatment to something more akin to 
eugenics. Ethically then, there are a few more implicit 
points regarding disaster triage that need to be noted. 


1. The practice of disaster triage carries an obligation to 
respect human rights and generally accepted human- 
itarian law. The triage officer is human and makes 
medical decisions on the health care of other humans. 

2. The usual conditions of informed consent apply 
during the provision of care during a disaster. That 
is, casualties able to make their own decisions must 
be able to participate in decisions made about their 
health care. This should, in particular, apply to the 
rare case of an expectant casualty that is fully awake 
and alert. It has also been applied in the setting of 
trapped casualties needing field amputation or other 
extreme procedures. 

3. Triage must follow established medical criteria and 
cannot be founded on any other principles (34). 


From the previous examples it seems that we may not be 
able to always define what is meant by “the greatest good.” 
Indeed, it is suggested that disaster triage philosophy must 
be fully based on objective criteria rather than nebulous 
terms such as this (35). We are in agreement with this 
suggestion from the point of view that to evaluate the 
outcomes of our triage actions, we must have measurable 
well-defined criteria. The split second decisions that must 
often be made during the process of disaster triage 
do not usually allow a careful consideration of either 
ethical or probabilistic consequences. Thinking with the 
compassionate heart alone will lead to wasted resources 
and lost lives. Yet, reducing the process of disaster triage to 
an exercise in probabilistic equations removes the ethical 
nature of the human condition. An intelligent yet caring 
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approach must be developed combining the best qualities 
of the human spirit vvith analytical tools of probabilistic 
organization. Only then may vve truly hope to do “the 
greatest good.” 


PERFORMANCE OF TRIAGE 


Background 


Although training may provide a framevvork for a triage of- 
ficer, field experience is probably the only true teacher (4). 
The complex process of accurately deciding which pa- 
tients need what care and resources and in what order 
they need them is a daunting task. Despite the difficulties, 
disaster triage can be relatively accurate in identification 
of casualty injuries (36). Although actual experience is 
the best teacher, it is not necessarily the only teacher. 
Clinical experience in a busy trauma center or an austere 
environment provides a good background. Evaluations of 
functioning trauma centers have indicated that most will 
have frequent episodes of saturation of trauma services 
on a regular basis that assume characteristics common 
to mass casualty dynamics (14). The thorough knowl- 
edge of emergency medicine, trauma, and the principles 
of surgery, coupled with clinical experience in the rapid 
assessment of critical patients, is essential. Burkle, in the 
first disaster medicine text, outlined the essential elements 
of a good triage officer based on disaster and warfare ex- 
perience, and these still hold true today. They are listed in 
Table 2-1. 

The application of trauma scoring during triage by the 
acquisition of anatomical and physiological data has been 
attempted during mass care events (4). However, reliance 
on trauma scoring methods alone risks a low sensitivity 
during initial triage, thus increasing the undertriage 
rate. Scoring systems have been noted to predict the 
likelihood of mortality after trauma, but they are less 
sensitive in the prioritization of casualties for transport 
and care (37). Several multiple casualty and disaster triage 


) TABLE 2-1 Elements of a Good Triage Officer 


m Clinically experienced 

m Well recognized 

m Good judgment and leadership 

m Cool under stress 

m Decisive 

m Knowledgeable regarding available resources 
m Sense of humor 

m Imaginative and creative in problem solving 

m Available 

m Knowledgeable regarding anticipated casualties 


Modified from Burkle FM, ed. Disaster medicine: application for the 
immediate management and triage of civilian and military disaster victims. 
New Hyde Park, NY: Medical Examination Publishing Co., 1984. 


scoring systems have been proposed, but to date, none has 
been fully validated. For the time being, the triage officer 
must be able to combine multiple sensory clues with the 
physiological and anatomical information to obtain an 
overall picture of the casualty (4,38). 


Organization of Triage Activities 


Ideally, triage will be performed at the scene of the dis- 
aster, and again at the entry point (ED) to the hospital. 
The primary emphasis of triage at the disaster site is to 
prioritize the transportation of casualties, thereby mak- 
ing the most efficient use of limited transport resources. 
The details of deployment, organization, and operations 
of prehospital triage efforts are more fully outlined in 
Chapter 11. Prioritization of casualties at the scene of 
transportation may follow several protocols—discussed 
later in this chapter. However, conceptually we may con- 
sider three major priorities for prehospital transportation 
on the basis of level and distribution of injury, priority 1, 
priority 2, and priority 3. Prioritization for transportation 
from the scene of a disaster roughly follows the basic triage 
categories for treatment used by most EMS systems. 

Priority 1 injuries are those with a direct threat to 
life (airway obstruction, restriction of respiration, shock, 
hemorrhage) requiring immediate correction. Rapid ma- 
neuvers to correct airway problems may be indicated, 
provided this does not delay the triage officer. In some 
settings resources and personnel exist such that the triage 
officer may assign a field treatment team to such tasks. 
Chest wounds that restrict ventilation (flail chest, suck- 
ing chest wounds, tension pneumothorax) may require 
rapid correction by endotracheal intubation, needle de- 
compression, and dressings before transport. Evidence of 
hemorrhagic shock may require intravenous access and 
rapid infusion of crystalloids, such as normal saline or 
lactated ringers, if this does not delay transportation. Di- 
rect pressure applied to obvious hemorrhage is usually 
sufficient before transportation to stop bleeding. 

Priority 2 injuries are those that are serious or 
potentially serious but are not an immediate threat 
to life (penetrating or open wounds to the abdomen 
without signs of shock, major burns, closed head injury 
with altered mental status or deterioration, massive 
hemorrhage that has been controlled). 

Priority 3 injuries are those that will need treatment 
at the hospital but may be delayed up to several hours. 
These injuries impart no substantial risk of morbidity 
or mortality (moderate burns, fractures, and dislocations 
of the joints—except the knee or hip—eye injuries, 
lacerations needing repair, minor closed head injury with 
no deterioration). 

Numerous minor injuries will be encountered, such as 
abrasions, contusions, sprains, and sprains. These injuries 
usually do not require EMS transportation and may be 
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triaged to directed self-care or primary care provider 
follovv-up. Casualties that are clearly dead should not be 
transported by EMS. They should be moved avvay from the 
living casualties, covered, and kept secure until evaluated 
and released by the medical examiner. 

In most disasters the best laid plans or EMSs for 
triage organization never materialize. Often, several triage 
points materialize around the disaster scene and remain 
functional (despite attempts to centrally organize them) 
until most of the casualties have been transported. 
This often results in more of a “triage zone” of sorts 
surrounding the disaster than specific coordinated triage 
points. However, a central organized triage and casualty 
collection point is preferred. Figure 2-3 shows the basic 
organization of prehospital triage. 

The second echelon of triage is located at the door 
to the ED. Casualties will arrive by EMS, ambulation, 
and by privately operated vehicle (POV). Control must be 
maintained at all entry points to the hospital (particularly 
if hazardous materials are involved in the event). Security 
should create a zone of operations around the facility 
and assist in directing arriving casualties to the triage 
activity. All hospitals must be able to perform at least 
basic mass decontamination if indicated; however, this 
topic is covered elsewhere in this text. 


) dead 
casualties 


Ambulatory 
casualty Casualty 
collection Regulated 
area oint 
p transport 
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Incident 
command 


In general, triage at the ED may be divided into am- 
bulatory and nonambulatory. Both these triage functions 
are performed in the same area as casualties are directed 
into the triage zone of the hospital. Dividing the various 
functions of triage into teams assists with the organi- 
zational process. Figure 2-4 shows a generic layout for 
hospital-based triage. 

A triage team consists of one health care provider, 
usually a senior physician with triage training and 
experience, and an assistant. The assistant should be able 
to take vital signs, record information, and write on the 
triage card. Although not always a direct part of the triage 
team, an individual from medical informatics should be 
immediately at hand to record casualty information, such 
as triage tag number, name, age, sex, next of kin, and so 
on. In addition the medical informatics personnel may 
enter the casualty into the medical record system that will 
be used for the disaster. 

A number of hospital employees able to transport 
and escort nonambulatory and ambulatory casualties 
to locations within the faculty will be needed. These 
individuals will need sufficient numbers of wheel chairs, 
litters, and casualty transportation equipment to perform 
those functions. 


hospital 


FIGURE 2-3. Prehospital disaster triage organization. Abbreviation: EMS, emergency medical 


service. 
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FIGURE 2-4. Hospital-based disaster triage organization. Abbreviation: EMS, emergency 
medical service. 


Another key component to the triage organization is 
the presence of three individuals. The chief triage officer 
functions as the overall coordinator of triage activities 
by monitoring the entire process, assisting where needed, 
and acting as liaison to the rest of the hospital. This 
should be the most senior and experienced emergency 
physician available. The chief triage officer is the liaison 
for the treatment teams within the facility. This individual 
is responsible for maintaining good communication and 
coordination between the activities at triage and the 
activities of the operating rooms, intensive care units 
(ICUs), wards, and ED areas. Finally, the liaison for 
hospital administration must be an integral part of 
this triad of people. They must keep administration 
appraised of the number and flow of casualties, act 
as an initiator for various administrative issues, and 
assist in the release of hospital resources when needed. 
In addition, the administrative liaison keeps the senior 
administrators aware of issues that might require reliance 
on agreements between other facilities or organizations 
within the community. 

As casualties are evaluated, ambulatory casualties are 
escorted to the ambulatory (minimal) treatment area for 
evaluation and treatment. The nonambulatory casualties 
are taken by litter transport directly to the ED (immediate 
treatment area) or to the delayed holding area as indicated. 


Expectant casualties (if any) are generally placed aside 
with the delayed casualties for retriage and monitoring. 
Casualties arriving dead are recorded (carded) as such, 
identified by medical informatics, and taken to the morgue 
or other designated area where they are secured. 

The figure provided and the discussion in the preced- 
ing text demonstrates only a generic set of organizing 
principles associated with disaster triage at the level of 
the hospital. Other methods are certainly possible and 
variations in hospitals will require specific modifications. 
However, each plan used will retain most of the organiza- 
tional elements noted. 


Physical Assessment during Triage 


The physical assessment of the casualty during triage 
must by definition be a short encounter. Most experts 
have indicated that not more than 15 to 60 seconds should 
be consumed on this practice. Such a short encounter 
likely leads to the large incidence of overtriage found in 
most reports of disaster and MCIs. Clearly, the amount 
of information obtained during this short encounter will 
depend on the training and experience of the triage officer. 
This is one of the reasons that triage must be dynamic with 
repetitive triage evaluations on casualties that are selected 
to wait for care. Experience has given the triage officer 
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) TABLE 2-2 Clues to Improve Triage Sensitivity 


Anatomic clues 
Body region injury 


Physiologic clues 
Altered mental status 


Anxious Chest 
Apprehensive Abdomen 
Pulse examination Amputation 


Soft 
Nonexpansive 
Specific measurements 
Resting tachycardia 
Systolic pressure <100 mm Hg 
Pulse pressure <30 mm Hg 
Resting tachypnea 


Modified from Burkle FM, Newland C, Orebaugh S, et al. Emergency 
medicine in the Persian Gulf War. Part 2: triage methodology and lessons 
learned. Ann Emerg Med 1994;23:748—754. 


some salient points that may increase the accuracy of 
the triage evaluation. In a study of triage methods during 
the Persian Gulf War, Burkle et al. indicated a set of 
anatomical and physiological parameters that may assist 
the triage officer in improving triage sensitivity. These are 
depicted in Table 2-2. Other specific clinical indicators 
have been found to be useful by various triage officers 
over the years. 

The pulse rate may be entirely normal for a period 
during early shock. Evaluation of the nature of the pulse 
is at least as important as the pulse rate in the setting of 
disaster triage. A brief clasping of the casualty’s hand (as 
in greeting) then rapidly slipping the palpating fingers 
to the radial pulse as the triage evaluation proceeds 
can provide immeasurable comfort and reassurance to 
the casualty, and a wealth of information to the triage 
officer. Cardiac rhythm and regularity may be assessed 
along with a general assessment of blood pressure and 
perfusion. A soft or nonexpansive pulse indicates a 
decompensation in stroke volume. Such casualties should 
be triaged immediately even if the remainder of their 
triage examination appears normal. 

During the assessment of the pulse as above, the 
initial grasping hand may next be lightly placed upon the 
forehead of the casualty (a compassionate gesture) and at 
the same time one looks into the eyes of the casualty while 
speaking to them. This allows evaluation of the pupils, 
ability to hear and follow commands, assessment of the 
upper airway, temperature, diaphoresis, pallor, central 
cyanosis, and evidence of facial trauma or asymmetry. 
The pulse palpating hand may now be moved such that 
both hands are on opposite sides of the casualty’s head 
over the temporal bones. With the triage officer again 
initially maintaining eye contact and communicating 
with the casualty, the eyes are moved to briefly scan 
the anterior neck while the hands are moved over the 
lateral aspects of the head, the occiput, and down the 
neck. This evaluates for deformity, defects, wounds, pain, 


subcutaneous emphysema, jugular venous distention, 
crepetace, tracheal deviation, contusions, or bleeding. 

The hands, having completed the above, end up on the 
shoulders where they palpate the clavicles and shoulder 
area, then rapidly cover the axilla, lateral posterior, lateral, 
and anterior aspects of the chest (note that the casualty 
is not rolled to evaluate the back at this point unless 
something is noted on palpation). This procedure allows 
evaluation for chest deformity, crepetace, subcutaneous 
emphysema, asymmetric motion, integrity of the chest 
cage, general mechanics of respiration, and areas of 
bleeding or penetration. 

At this point the examiner may use one hand and the 
stethoscope to rapidly auscultate the chest wall for heart 
tone assessment, and breath sounds while the opposite 
hand runs over the flanks, anterior abdomen, and pelvis. 
Alternatively one may divide the auscultation of the chest 
and palpation of the abdomen into two separate actions. 
The abdominal examination evaluates briefly for pain, 
rigidity, defects, wounds, or penetration. Next the pelvis is 
evaluated with bilateral compression from the hands for 
pain and integrity. 

The hands then rapidly run the length of the long 
bones of the legs noting deformity, pain, wounds, warmth, 
perfusion, or amputations. Finally the examiner quickly 
returns to the bilateral shoulders of the casualty with 
both hands, runs down the length of both arms and 
ends by clasping the hand again and looking into the 
eyes of the casualty. Quick reassuring words are given 
in a brief interaction with the casualty (if they are able) 
and instructions are given as to the triage category and 
triage disposition. Experienced triage officers will perform 
this evaluation in 30 to 60 seconds. The evaluation is 
augmented by vital signs, if possible taken simultaneously 
with the triage officer’s examination by an assistant. 

A narrow pulse pressure in a casualty is almost always 
an indication of shock and reflects a considerable volume 
loss. This holds more information physiologically than 
the systolic blood pressure or the pulse rate. Much of the 
research done on the triage of injured casualties comes 
from military combatants. These are generally young 
healthy individuals who are able to mount a substantial 
catecholamine response to the stress of injury. As such, 
they often maintain reasonable blood pressures and pulse 
rates even in the face of substantial hemorrhage, giving 
a false appearance of hemodynamic stability. They are 
also prone to rapid cardiovascular collapse when this 
catecholamine surge is depleted. This hyperadrenergic 
state may not be noted during the brief triage evaluation. 
It should be recalled that most children are capable of a 
similar hemodynamic response. 

Resting tachypnea may be readily visualized by ob- 
serving the casualties, breathing patterns often without 
the need to count respirations. As hemorrhage begins, 
the respiratory system compensates with an increase in 
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tidal volume and minute ventilation. This should clue the 
triage officer to further evaluate the casualty for hemor- 
rhage, chest trauma, pneumothorax, toxidromes, or other 
less lethal problems such as anxiety. 

In addition, penetrating wounds to the chest or 
abdomen and traumatic amputations should generally be 
considered for high priority triage with little regard to the 
“numbers” associated with their vital signs (7). This is due 
to the high frequency of serious injury and hemorrhage 
associated with these types of wounds. 


Triage Mechanisms 


During a disaster situation, health care providers en- 
counter a number of obstacles that are not seen on a 
routine basis. The number of victims arriving per unit of 
time may be overwhelming. In addition, the availability 
of initial resources will often be extremely limited. Pa- 
tients may require extrication and evacuation that result 
in delays in the transportation of the patient. Experience 
has resulted in the formulation of some basic principles, 
which are listed in Table 2-3, for operational policies’ 
disaster triage. 

Triage is not a static activity. After the initial categoriza- 
tion of patients by the triage officer, patients selected to 
wait for care are retriaged on a continuous basis. Stabiliza- 
tion actions (e.g., oxygen, intravenous lines, and dressings) 
are carried out on the patients awaiting transport or defini- 
tive treatment. The triage officer or initial treatment officer 
directs the application of these stabilization procedures 
with an emphasis on treating shock, correcting mechani- 
cal defects, instituting early wound care procedures, and 
monitoring for changes in the patient’s condition (1). 
Triage categorization of a casualty may change based 
on alterations in the patient’s condition and in available 
resources. Retagging of the casualty may be required. 

After patients are triaged, they should be methodically 
tagged to designate the order in which they should be cared 


) TABLE 2-3 Basic Operational Policies for Disaster 
Triage 


m Never move a casualty backwards (against the flow) 
m Never hold a critical patient (immediate) for further care 
m Salvage life over limb 
m Triage officers do not stop to treat patients 
m Never move patients before triaged unless: 
There are risks due to bad weather 
Darkness is impending or has fallen 
There is a continued risk of injury 
There is a triage facility immediately available 
The tactical situation dictates movement 


Burkle FM, Newland C, Orebaugh S, et al. Emergency medicine in the 
Persian Gulf War. Part 2: triage methodology and lessons learned. Ann 
Emerg Med 1994;23:748-754. 


for in the treatment area. The only information available 
to the ED personnel initially may be what is written 
down on these triage tags. Many different commercial 
tags are available, and they all have unique benefits and 
problems. Communities should agree on a single triage 
tag type, and they should become familiar with its use. 
One community has initiated Triage Tuesday on the first 
Tuesday of each month based on recommendations to 
improve the education regarding triage (39). During Triage 
Tuesday, all patients arriving at EDs through EMSs are 
accompanied not only by the usual run sheets but also by 
the standard triage tag. Such activities are low cost, and 
they promote familiarity with the triage tag system. 

The importance of using triage tags cannot be overem- 
phasized. On the September 11, 2001, attacks on the 
Pentagon and the World Trade Center triaging systems 
encountered many problems (40). EMS systems did not 
use triage tags at the Pentagon, while EMS personnel in 
New York City ran out of triage tags in the third hour of the 
rescue efforts (40). The lack of triage tags and documen- 
tation resulted in difficulty determining what treatments 
patients had already received upon arrival at the hospi- 
tal. In addition, EMS personnel were unable to provide 
accurate progress reports or retain information for legal 
documentation. 

The perfect triage tag has not yet been created, but 
the tag used should have several characteristics. It should 
be easy to write on, weatherproof, and it should be able 
to be secured directly to the patient, not to the patient’s 
clothing. In addition, it should contain, at a minimum, 
patient name, patient number, gender, injuries, medical 
problems, field interventions, time, prehospital provider 
number, EMS unit number, and triage category. Space 
for other information or checklists should be provided 
based on the emergency care system of each individual 
community. Above all, the tag must be easy to understand 
and use or it will remain simply a colorful accoutrement 
on the victim’s person. 

The current state of documentation of triage activities, 
despite a proliferation of triage tag and paperless digital 
systems, remains poor. This makes research into the 
actual performance of triage difficult because only the 
results of triage decisions can be evaluated with any 
accuracy (10). Improvements in the current mechanisms 
of triage will occur only with a deeper understanding of 
what is currently done. As such, efforts to document triage 
activities must be improved so that these actions may be 
evaluated by researchers. 


PREHOSPITAL MASS TRIAGE SYSTEMS 


Prehospital providers are trained in the art of triage. They 
encounter on a daily basis situations in which they use 
these skills. When a disaster occurs, prehospital personnel 
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are the first on the scene, and they usually establish the 
triage and treatment areas. For this reason, a continued 
emphasis is placed on triage training for prehospital 
personnel, 

Because of the variable levels of training and experience 
of prehospital providers, a number of methods have been 
developed to standardize the task of prehospital triage. The 
most commonly used system is titled Simple Triage and 
Rapid Treatment (START) and was developed in 1983 by 
the Newport Beach Fire Department and Hoag Hospital 
in California (13,41). This system was updated in 1994 
and has gained popularity within the United States. The 
primary intent of the START system is to identify three 
conditions that can lead to death within 1 hour if the 
victim is not treated: impaired breathing, head injury, 
and severe hemorrhage (41). The START system evaluates 
respiratory status, perfusion, and mental status of the 
casualty. START has several attractions as a triage system, 
such as ease of teaching, student retention, and simplicity 
of utilization in the field (24,41-43). The START triage 
tool has also been considered useful in determining the 
need for transfer away from a disaster medical assistance 
team (DMAT) field station to a hospital during a disaster 
deployment in one study (44). However, START also has 
a number of problems with its use. 

The flow diagram for START is depicted in Fig. 2-5. 
In practice, the initial action is for all casualties who can 
walk to be asked to move away from the incident area 
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to a specific location. These casualties are classified as 
priority 3 or minimal (GREEN). They will be reassessed 
after the more immediate critical casualties are evaluated. 
The casualties who remain are then assessed. After the 
patient’s respiratory rate, pulse, and ability to follow 
commands are evaluated, they are classified as one of the 
three remaining categories—priority 1 (RED), priority 2 
(YELLOW), and expectant (BLACK). When this system 
is used, the only initial treatments that are performed 
include opening an airway and holding direct pressure to 
external hemorrhage. START triage results in a substantial 
overtriage rate. However, this excess overtriage is thought 
to be offset by the ease of application over a wide range of 
health care providers. 

Though the START system is a user-friendly triage sys- 
tem, it also faces several limitations such as imprecise 
goals, lack of resource considerations, lack of casualty 
severity differentiation within categories, poor resource 
utilization, lack of consideration for casualty deteriora- 
tion, lack of casualty prognosis or probability estimations, 
lack of differentiation between types of trauma, and fi- 
nally poor compliance with the START method by triage 
officers (35,45-48). In addition START is not designed for 
nuclear, biological, or chemical scenarios (49). In addi- 
tion, START does not address specifically the differences 
in physiology, development, or anatomy of the pediatric 
population. Attempts to address these differences have 
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FIGURE 2-5. The Simple Triage and Rapid Treatment (START) triage algorithm. From Super 
G. START: a triage training module. Newport Beach, CA: Hoag Memorial Hospital Presbyterian, 


1984, with permission. 


26 I. General Concepts 


been made vvith the creation of a hybrid of START named 
JumpSTART (50). 

Another simple mass triage system that has emerged 
in recent years is the MASS triage (Move, Assess, Sort, 
and Send). This system was introduced as part of the 
National Disaster Life Support (NDLS) program. The 
MASS system utilizes the standardized military triage 
categories as its foundation (51). It is also a very simple 
user-friendly system, which will allow for rapid triage of 
multiple patients during an MCI or disaster. 

During the Move phase of this system all casualties 
who are able to get up and walk are asked to relocate 
to a predetermined location where they will be classified 
as minimal. The remaining casualties are asked to move 
an arm or a leg. Since, in order to follow this command 
the individuals must have sufficient vital signs to remain 
conscious, they will be initially classified as delayed (51). 
The remaining group will include both the immediate and 
expectant group. 

The next step involves the Assess phase in which the 
casualties who not moving are evaluated and immediate 
lifesaving interventions are administered. Simple maneu- 
vers such as opening the airway and applying direct 
pressure to bleeding are performed. If there is a likely 
fatal injury then the patient is classified as expectant (51). 
After completion of the Assess phase and all immedi- 
ate life-threatening interventions are completed, the next 
phase of Sort is carried out. Casualties are then classified 
as Immediate, Delayed, Minimal, or Expectant according 
to their injuries. 

The Immediate classification is given to individuals who 
have an obvious threat to life or limb. Some examples of 
immediate casualties classified by the NDLS curriculum 
include: unresponsive, altered mental status, respiratory 
distress, uncontrolled hemorrhage, amputations proximal 
to the elbow or knee, sucking chest wounds, unilateral 
absent breath sounds, cyanotic patient, and rapid weak 
pulses. The Delayed classification is given to casualties 
who are in need of definitive medical care, but should not 
decompensate rapidly if care is delayed initially. Examples 
of casualties that will fall under this classification include 
deep lacerations with bleeding controlled and good 
distal circulation, open fractures, abdominal injuries 
with stable vital signs, amputated fingers, individuals 
who have developed anginal chest pain after an MCI, 
or hemodynamically stable head injuries with an intact 
airway. The Minimal classification is given to the “walking 
wounded”; casualties under this group will be ambulatory, 
with minor injuries such as abrasions, contusions, and 
minor lacerations. This group of individuals will have 
stable vital signs; they require medical attention, which 
can be delayed for days without ill effect occurring. The 
last classification under the MASS system is the Expectant 
group. These are casualties that have little or no chance 
of survival; as a result, resources will not be utilized 


initially to care for them. When resources are available, 
comfort care should be given to these individuals. One 
must remember that the Sort phase is a dynamic phase in 
which patients will be retriaged as the event progresses. 
The last phase is Send, in which casualties are transported 
off the scene to the appropriate facilities. 

The dynamics and processes of the MASS method for 
triage have been evaluated and seem to be learned and 
well retained by a spectrum of health care providers (51). 
However, the validity and reliability of the triage decisions 
determined by this system are yet to be fully tested. 


ESTIMATION OF HOSPITAL CAPACITY 


Currently, most disasters that produce mass casualties are 
“trauma intensive” disasters. That is, they provide some 
mechanism of injury that produces traumatic wounds 
within the presenting casualties (as opposed to hazardous 
materials, chemical, radiological, or biological incidents 
that may produce primarily medical complications). As 
such, the primary limiting factor in hospital capacity, 
if one is to provide optimal trauma care for immediate 
casualties, is not the number of available hospital beds, 
but the number of experienced trauma teams that may be 
organized and provided support to operate at any given 
time (14,52,53). Studies indicate that approximately 15% 
of casualties from most disasters will be of an immediate 
nature (20,22,54,55). 

In real terms, How does this translate into capacity? 
With some minor flexibility, if a hospital is able to muster 
five trauma teams, it would be expected to be able to 
manage 30 to 40 casualties in the first few hours of a 
disaster, expecting that 5 to 7 of those casualties would 
be of immediate triage classification. To exceed this 
number of casualties for such a hospital (even without 
the practice of overtriage) would cause the level of trauma 
care for some of the immediate casualties to decrease from 
optimal (14). Previous notions of simply bringing in more 
staffing to provide disaster trauma care in this setting are 
unwise. This forces health care providers less experienced 
with trauma care to function as a fully qualified trauma 
team. Clearly, this is not achieving the goal of providing 
optimal care for immediate disaster casualties (14). 


SUMMARY 


Disaster triage is a practice that is outside the usual daily 
experience of emergency health care providers. It comes 
into play when provision of medical care to casualties 
must be rationed due to unavoidable resource constraints. 
Although experience is the best teacher for disaster triage, 
basic principles can be taught and retained by students. 
The practice of disaster triage is an inexact science of 
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consensus opinion vvith some scientific support. Hovvever, 
despite such limitations, disaster triage represents a 
key portion of the triad of initial casualty care in the 
management of disasters. 

Various methods of performing disaster triage exist, all 
of which sort and categorize casualties into groups based 
on various parameters for prioritization of transport and 
medical care. Disaster triage is a dynamic process of 
rapid evaluation and frequent reassessment of casualties 
presenting for evaluation. This may result in changes in ca- 
sualty triage classification as resource availability changes. 
The triage officer represents the key individual performing 
the disaster triage and should be well experienced and well 
trained. 

A number of ethical issues may come into play during 
the practice of disaster triage. Such triage must therefore 
be on the basis of sound medical criteria and cannot be 
founded on any other principles. Better documentation 
and analysis of the disaster triage process must be done 
to improve the performance of this process in the future. 
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Pediatric Considerations in Disasters 


Mark A. Brandenburg 


“When we were children, we used to think that when we 

were grown-up we would no longer be vulnerable, but to 

grow up is to accept vulnerability ...to be alive is to be 
vulnerable.” 

Madeleine LEngle “Walking on Water: Reflections 

of Faith and Art,” 1980. 


Children represent a vulnerable population and special 
considerations are necessary to properly care for them in 
disasters. Furthermore, there is convincing evidence that 
the United States and other nations are ill-prepared to 
handle pediatric disasters at the time of this writing (1,2). 
When developing pediatric disaster response plans, an 
all-hazards approach should be taken to prepare for the 
special needs of children in the various circumstances of 
mass casualties incidents (MCIs). Disasters differ from 
one another in many ways: location, number of casualties, 
distribution of casualties, intensity and type of injury 
mechanisms, available rescue resources, nature of the 
emergency medical infrastructure, equipment needs, and 
so on. An important principle learned from the study of 
MCIs by pediatric emergency care experts is not to set rigid 
protocols for the management of pediatric casualties, but 
rather to allow for flexibility in dealing with variables (1,3). 
Of course, this is true not just of pediatric casualties in 
disaster events, but with all disaster casualties. 


WHY MANAGE CHILDREN 
DIFFERENTLY? 


A variety of reasons reinforce the need for special con- 
siderations for children when planning disaster response 
systems. First and foremost, children need to be consid- 
ered a vulnerable population. They are also a society's 
most precious and valuable resource. How a nation pre- 
pares for and protects its children is a direct measure 
of that society's humanity. Children are usually unable to 
make adult level judgments or perform at the physical level 
of adults and as such require the assistance of adults for 


guidance and protection. Second, the growing presence of 
terrorism presents a direct threat to children everywhere. 
Terrorists seek the emotions of fear and anger that oc- 
cur with the killing and maiming of innocent individuals. 
Indeed, children may often be the specific targets of ter- 
rorism due to the deep and visceral emotions such heinous 
acts elicit. Third, even when children are not specifically 
targeted, natural hazards, industrial and transportation 
events, or the indiscriminate use of weapons of mass de- 
struction (WMD) in a highly populated area will bring 
about numerous pediatric casualties. 

Preparation for multiple pediatric casualties resulting 
from disasters should be a standard practice in every 
medical community. Unfortunately the requisite knowl- 
edge and skills to manage many pediatric emergencies (let 
alone pediatric mass casualty events) are not common in 
most communities throughout the world. Studies in the 
United States have indicated a lack of proficiency in care of 
pediatric casualties even in large metropolitan emergency 
medical service (EMS) systems (4-6). 


UNIQUE ASPECTS OF PEDIATRIC 
TRAUMA 


As noted previously, most disasters (excluding the psy- 
choemotional aspects) to date have been trauma intensive. 
As such, an appreciation of the differences found in trauma 
management in the pediatric population is in order. 


Anatomy 


The airway of a child differs from that of an adult in 
several ways. In addition to simply being smaller in 
length and diameter, the pediatric airway is unique in 
position. The vocal cords of a young child lie anterocaudad 
compared with the adult airway and the narrowest portion 
of the pediatric airway is at the subglottic region, whereas 
in the adult it is the larynx (7). As a result, uncuffed 
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endotracheal tubes are used in smaller children. Also, 
because the pediatric cranium is larger relative to the 
midface, a proclivity exists for the neck to slightly flex 
when a child is in the supine position. Young infants less 
than 2 to 3 months of age are obligate nasal breathers. 
These differences should all be recognized by the physician 
who is called upon to manage a child’s airway (8). 

A child’s cranium relative to the rest of their body is 
larger than an adult’s and the pediatric neck musculature 
and spinal column are not fully developed. If a child 
experiences traumatic forces or becomes airborne, the 
odds are greater that a child will suffer a head injury 
when compared with an adult (9). The severity of the head 
injury is often the primary determinant in the pediatric 
child’s outcome (10). In the Oklahoma City bombing in 
1995, 19 children were killed. Of those 19, 90% suffered 
head injuries. Of the 47 children with nonfatal injuries, 4 
of the 7 (57.1%) requiring hospitalization were admitted 
for head injuries (8). 

Children younger than 3 years have a less optimistic 
prognosis after suffering a traumatic brain injury than 
older children. However, children overall tend to fare 
better than adults after sustaining a traumatic head 
injury (10). Head-injured children are at greater risk 
for damage from secondary brain injury, and should be 
treated somewhat more aggressively than adults from the 
onset (11). 

The greater relative body surface area of children 
places them at risk for more rapid skin absorption of 
chemical agents or toxins. Children are also at a greater 
risk of hypothermia due to rapid heat transfer as a 
result of the greater surface area to body mass ratio, 
in addition to having minimal subcutaneous fat, thinner 
epidermis, and an immature behavioral response to the 
colder environment (12). 

The increased compliance of the pediatric chest wall 
allows for greater energy transfer to internal organs. 
Rib fractures are less likely to occur during trauma 
than in the adult. Consequently, the presence of rib 
fractures in a child suggests a substantially greater risk 
for intrathoracic injury in the pediatric population than 
in the corresponding adult segment (13). Conversely, 
the absence of rib fractures in an injured child should 
not deter the clinician from evaluating for intrathoracic 
injuries (14). Flail chest injuries are less common in 
children than adults; however, the greater pliability of 
the child’s chest makes it more sensitive to flail segments 
or tension pneumothorax if they do occur. 

Pediatric musculoskeletal injuries are complicated 
by the growing physis of the bones and the lack of 
mineralization surrounding these regions. Fractures and 
dislocations in these regions may be less obvious, and they 
may disrupt or arrest bone growth. Proper management 
and referral of pediatric fractures is important to insure a 
good prognosis (15). 


Physiology 


Volume depletion is a common issue in the pediatric 
population, especially with injured children. Poor oral 
intake may contribute to volume depletion in the child 
who has been injured or displaced by a disaster. Early fluid 
resuscitation should be instituted in the volume-depleted 
child. If needed, crystalloids should be administered in 
20 mL per kg body weight boluses. If shock is present 
because of hemorrhage and unresponsive to two or three 
crystalloid boluses at 20 mL per kg, transfusions of packed 
red blood cells should be given as soon as possible at 
10 mL per kg (16). Children may maintain adequate 
blood pressure with substantial degrees of volume loss 
due to their enhanced response to adrenergic support 
mechanisms. This can result in precipitous vascular 
collapse without obvious warning when this support 
mechanism finally fails. 


SPECIFIC NATURAL HAZARDS 


Tornadoes 


The impact of disasters on children was made evident 
in Oklahoma City on May 3, 1999, when a series of 
powerful tornadoes devastated entire communities in 
and around the city. The storm was responsible for 637 
injuries and 45 deaths. Of those injured 122 (19%) were 
less than 14 years of age (17). One of the community 
emergency departments (EDs) near the strike path of 
this storm reported 147 casualties cared for in the 
immediate postimpact phase. Three of the casualties were 
young children with severe head injuries requiring airway 
management, stabilization, and emergency transportation 
to a facility with neurosurgical capability (18). Because of 
the smaller size of children, they are more likely to be lifted 
by tornadic force winds (if directly exposed) and thrown 
against the ground or other objects. A higher frequency 
of severe head injury has been noted in this setting for 
children than adults (18). This is thought to be due to 
the relatively larger head size in children. Head protective 
gear is recommended in both children and adults while 
sheltering from tornadic storms (19,20). As with adults, 
most injuries seen in children are soft tissue punctures 
and lacerations that are highly contaminated (18,21). 
Rates of emotional and sleep disturbances as well as post- 
traumatic stress disorder (PTSD) has been reported from 
2% to 59% in children after a tornado depending to the 
study (21). Because of the dependent nature of children 
they are actually at higher risk of psychoemotional 
problems if their sense of security is disrupted following a 
disaster (21-25). However, children usually respond well 
to an open, honest, and reassuring approach and rarely 
require more intensive interventions (23-25). 
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Earthquakes 


In 2001, in a 7.9 magnitude earthquake that occurred in 
the state of Gujarat, India, more than 250,000 individuals 
were injured, with an estimated 30,000 deaths. One hos- 
pital reported that of the 1,142 casualties admitted in the 
first 4 weeks following the event, 300 (25%) were younger 
than 17 years. Of these 300 pediatric casualties, 62 (20%) 
required surgical intervention, mainly within the first few 
days of arrival to the hospital (26). The operative proce- 
dures consisted mostly of orthopaedic and general surgical 
interventions for fractures, soft tissue injuries, and burns 
during the first 2 weeks. Most later procedures required 
the skills of plastic and reconstructive surgeons (26). 

Ina study of the 1999 Marmara, Turkey earthquake, the 
records of 33 children aged 14 to 16 years were evaluated. 
Thirty of the children required extrication from the rubble 
of collapsed structures after a mean time of approximately 
30 hours. By the time extrication was completed, 45% of 
the children had evidence of crush syndrome with 30% 
already manifesting acute renal failure (27). There were 
no predictive variables found to indicate the risk of renal 
failure in this cohort of children (including duration of 
entrapment, initial laboratory values, age, etc.). Another 
study of the same temblor did note an increased incidence 
of renal failure in the 35% of 20 pediatric casualties 
cared for in their institution if there were multiple 
extremity injuries (28). Therefore, careful monitoring of 
pediatric extrication casualties from earthquake disasters 
for renal failure should be carried out. In addition, training 
of prehospital emergency health care providers in the 
treatment of crush syndrome during earthquake response 
is indicated (27). 

During the 1999 Chi-Chi earthquake in Taiwan, the 
mortality of children aged 0 to 9 was noted to be 
12.65/100,000 while the mortality during the same quake 
for ages 20 to 29 years was about half this figure at 
6.86/100,000 (29). The study pointed out that young chil- 
dren (and the very elderly) have similar needs regarding 
assistance and are a vulnerable population with both 
higher death and injury rates from significant earthquakes. 


Winter Storms 


The impact of winter storms on the acuity level and census 
of pediatric EDs has been evaluated in the United States. 
One facility noted an increase in ED visits of 35% in the 
24 hours before a forecast severe storm. During the period 
of the storm (36 hours in duration) the census dropped 
only 15% but continued to drop to 40% of normal by 72 
hours following the storm. Finally the census returned to 
normal levels within 4 days postevent (30). In addition, 
the admission rate and acuity level of children presenting 
to the ED both increased by 14% during the postimpact 
period (30). 


Tsunami 


As with any rapid-onset disaster, children are at substan- 
tially increased risk for death as a result of a tsunami (see 
Chapter 26). Again this is due to the dependent nature of 
the child and the relative lack of physical abilities to escape 
danger. Additionally, when children suffer severe trauma 
or near-drowning submersion episodes as they did in the 
recent Asian tsunami, the relative lack of pediatric ex- 
pertise in critical care and tertiary pediatric facilities add 
to the mortality rate (31). The large number of refugees 
created by the tsunami along with the frequent separa- 
tion of children from families substantially increased the 
rate of child trafficking, baby snatching, sexual assaults, 
and child conscription following the tsunami (31). This 
is unfortunately a common phenomenon in humanitar- 
ian emergencies (see Chapter 9). An aggressive effort was 
needed to identify and register unaccompanied children 
displaced by the tsunami and consumed a great deal of 
energy in the first few weeks following the event. The 
Sri Lankan government has reported that in that nation 
alone more than 6,800 children suffered the loss of one 
or both parents (31). Respiratory illness and enteric dis- 
orders resulting in fluid loss are the most common causes 
of pediatric mortality following a tsunami. Deployment of 
health care resources and rapid reconstitution of at least 
a basic public health infrastructure in a stricken area will 
do much to alleviate the impact of such illnesses (32). In 
conjunction with preexisting vaccination programs, ma- 
jor outbreaks of endemic illnesses, such as measles in 
refugee populations, may be prevented or ameliorated by 
augmented vaccination initiatives following the event (33). 


Hurricanes 


Hurricane Hugo took 35 lives when it struck South 
Carolina in 1989; of these, 7 were children (34). In 
1992, Hurricane Andrew, a category IV storm, killed 
61 people in Florida and Louisiana according to one 
study and was likely responsible for many more in 
neighboring states (35). In an analysis of one field hospital 
deployed to the Homestead, Florida, area following the 
strike of the storm, out of 1,544 casualties seen, 336 
(22%) were children (36). The disruption of infrastructure 
and the commonly associated flooding associated with 
hurricanes does more damage to the health of the stricken 
population than the hurricane force winds and rain. 
Children are at risk during the recovery phase for toxic 
ingestions including hydrocarbon and bleach used for 
power, lighting, and cleaning (37). Hurricane Hugo’s 
impact on the Island of St. Croix was reported by the 
New Mexico disaster medical assistance team (DMAT). Of 
the 251 casualties seen during the reporting period of the 
deployment (in an austere rural island environment) 54 
(21%) were children (38). Children also represented 30% 
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of the total admissions of hurricane casualties during the 
reporting period (38). 

The impact of Hurricane Andrevv has been studied 
with regard to its impact on a pediatric ED. An average 
daily increase in census was noted during the first week 
of 57 visits each day (a 40% increase over baseline). At 
the same time, the average admission rate decreased by 
3.3%. This was largely thought to be due to an increase in 
the number of nonadmittable diagnoses being seen (37). 
By the end of the second week, both the census and 
admission rates had returned to baseline. The most 
common problems encountered in children due to the 
hurricane were mainly due to clean up activities, with 
cellulitis and lacerations topping the list (37). In addition, 
as with events such as tsunamis, displaced children can 
be at risk for exploitation. 


Floods 


The impact characteristics of flash flooding on children 
have not been well reported in the literature. It is likely 
that the effects are similar to any sudden impact natural 
hazard. Riverine flooding, however, has been better evalu- 
ated as to the pediatric impact. In most developed nations 
major outbreaks of enteric and other water-borne illnesses 
have not fully materialized following floods. This is likely 
due to the rapid replacement of general public health in- 
frastructures in the impacted areas (39-41). The story in 
developing nations is radically different. Among the poor 
(and usually most heavily impacted), substantial problems 
in nutrition, enteric, and other endemic communicable ill- 
ness become problematic (41,42). 


Drought 


The primary effect of drought on children is nutritional, 
as it is associated with crop failures in many parts of the 
world. Drought substantially impacts a number of regions 
on the planet on a regular basis and is often primarily 
responsible for the chain of events (both natural and man 
made) that result in famine. 


Nutritional Issues 


Any situation resulting in inadequate dietary intake 
for children may result in a number of malnutrition 
syndromes. Nutritional disorders associated with disasters 
may be as obvious as starvation or as subtle as increased 
in birth defects from micronutrient disorders (43,44). 
Malnutrition is defined as the cellular imbalance between 
supply of nutrients and energy and the body’s demand 
for them to ensure growth, maintenance, and specific 
functions (45). The major forms of malnutrition may be 
divided into two entities, kwashiorkor and marasmus, both 
defined as forms of protein energy malnutrition (PEM). 


Children with kwashiorkor usually obtain an adequate 
amount of calories in their diet, but fail to obtain adequate 
amounts of protein. Children with marasmus, on the 
other hand, do not obtain sufficient calories of any form 
to support growth and development (46). Along with 
the general problems of PEM, micronutrient deficiencies 
result in nutritional disorders such as endemic goiter, 
ariboflavinosis, scurvy, rickets, beriberi, and pellagra (43). 
Cognitive development, immune function, and other 
components of normal development are disrupted (43,47). 


HUMAN-RELATED DISASTERS 


Mass Gathering 


Little specific information has been provided regarding 
pediatric care during mass gathering events. One report 
indicates that in a mass gathering event of approximately 
100,000 children, 192 (0.19%) were treated on site (48). 
Up to 20% of the children older than 10 years of age 
presenting for care were not accompanied by an adult. The 
most common complaint was minor trauma 53.6% and 
minor medical problems 10.9%. Only 4 children required 
hospital admission, and 10 were taken to primary care 
providers’ offices. More than 75% of the children were 
seen during the afternoon hours of this 9-hour event (48). 
More information may be obtained in Chapter 29. 


Air Crash 


The Avianca air crash disaster on Long Island, New 
York, in 1990, demonstrated some problems with the 
management of pediatric air crash casualties. There 
were 25 children on the aircraft with 22 (88%) of them 
surviving the initial crash (compared with 52% of the adult 
passengers). Application of the Pediatric Trauma Score to 
the pediatric casualties was performed retrospectively. On 
the basis of this analysis it was determined that pediatric 
casualties were not triaged properly nor transported 
to pediatric trauma facilities. No outcome studies of 
individual casualties were carried out in this study so it is 
not known how these children fared. The authors suggest 
several points to improve the triage and distribution of 
triage casualties including realization that children have 
special needs in disasters, increased training in pediatric 
triage and management, triage methods and protocols 
specific to children should be used with children, and that 
pediatric tertiary care centers should be incorporated into 
disaster response plans (49). 


Conflict 


With more than 22 armed conflicts on average occurring 
on this planet at any one time, the number of children 
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affected by these activities is appalling. Oftentimes the 
only medical care available in such vvar disrupted zones is 
through the medical elements of the combatants. Military 
medical corps from various nations have begun to accept 
the task of providing humanitarian care to noncombat- 
ants in such conflicts (50,51). Medical elements of the 
Australian Defense Force and others have recognized the 
need to educate military physicians in the developmental 
aspects of childhood, infectious disease prevention and 
pediatric immunization protocols, the management of the 
normal neonate, and the special needs of the orphaned 
pediatric refugee (50). 


Terrorism 


The purpose of terrorism is to inflict widespread fear and 
panic upon a community or a nation. For this reason, we 
should expect terrorists to turn their attention to children. 
As “high-value” targets, such as airports, power plants, 
bridges, and government buildings, become better pro- 
tected, terrorists will naturally look for softer targets of 
high value. Schools, day care centers, and other such lo- 
cations where children congregate remain vulnerable to 
attack. Recent historical terrorist attacks have demon- 
strated that terrorists do have the intent and ability to 
attack children. 


Conventional Terrorism 


Experience has shown that conventional terrorist attacks 
involving children are far more common than suspected. 
Investigations have noted that such terror-related injuries 
are often more severe than nonterror-related injuries re- 
sulting in an increased need for acute care in children (52). 
Furthermore, injury severity has often been noted to be 
higher among children who are injured by explosions 
when compared with shootings (53-55). 

A conventional terror attack typically involves bomb- 
ing, building collapse, fires, or shooting that produces a 
mixture of penetrating, blunt, and burn injuries. In par- 
ticular, the simultaneous combinations of different injury 
mechanisms in explosions results in a multidimensional 
injury pattern and a complicated clinical course (56). Tai- 
lored protocols for evaluation and treatment of pediatric 
casualties from bombings should differ from usual pro- 
tocols for gunshot or blunt motor vehicle trauma. ED 
organization toward treating and admitting pediatric ca- 
sualties from explosions should take into account these 
differing injury mechanisms and patterns (57). For more 
information, see Chapter 33. 

On April 19, 1995, domestic terrorists showed their 
willingness to take the lives of children when they attacked 
the Murrah federal building in Oklahoma City with a 
fertilizer truck bomb (58). The terrorists later admitted 
their awareness that the children’s day care facility located 


in the building would be destroyed in the attack. Of the 168 
deaths, 19 (11.3%) were children. In addition, 47 children 
were injured severely enough to be taken to EDs (59). 
The spectrum of injuries sustained included two open 
depressed skull fractures, two closed head injuries, three 
upper extremity fractures, one lower extremity fracture, 
one major arterial injury, and a number of tympanic 
membrane perforations (59). The callous disregard for 
young life was exemplified by the statement made by 
one of the terrorists that the injuries and deaths of these 
children were accepted as “collateral damage” (60). On 
September 1, 2004, children were again sought out as 
targets by terrorists when Chechen militants stormed a 
grade school in Beslan, Russia (15). During the 4-day 
siege more than 350 hostages were killed, more than half 
of whom were children. It is clear that grade schools in 
the United States are vulnerable to terrorism (61). 


Weapons of Mass Destruction 


WMD that involve chemical and biological agents may be 
more detrimental to the pediatric than the adult popula- 
tion. As such, special planning needs to be undertaken to 
adequately provide care to children in this setting. When 
WMD attacks are considered, most terrorism agents are 
expected to be delivered to the target population in an 
aerosolized form. Many of these agents (both chemical 
and biological) layer close to the ground in higher concen- 
tration, at the level of the child’s airway. This fact, coupled 
with the higher minute ventilation of the child, provides 
them with a relatively higher dose of the agent than the 
adult (62,63). 


Chemical Agents 

The skin of very young children is less able to resist chem- 
ical agent absorption and less able to repair after injury 
from vesicant exposure (64). With less ability to regu- 
late heat for their body size, children are more prone 
to changes in environmental temperatures. As such, hy- 
pothermia becomes a concern if mass decontamination 
is required during the management of a WMD terrorist 
event. Dose issues for chemical agent antidotes must be 
considered for children. These are covered in more detail 
later in this chapter. In addition, more detail is found in 
Chapter 35. 


Biological Agents 

The threats posed by biological weapons are likely to 
continue into the future (65). In cases of suspected bioter- 
rorism, the emergency health care provider must be able 
to obtain diagnostic and treatment information efficiently 
and expeditiously (66). The clinical presentations of bi- 
ological agents in the pediatric population often mimic 
other common illnesses resulting in delay in diagnosis 
and treatment. A high index of suspicion and an active 
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surveillance program should be maintained for detection 
of such attacks. Specific therapeutic choices for children 
against biological agents may vary from the adult due 
to potential side effects and complications. In addition, 
dosage forms suitable for children may not be readily 
available and require some clinical improvisation. 

The paradigm for handling communicable biological 
agent attack is best described as “universally different” 
from other types of disasters. The involvement of children 
makes the management of communicable disasters more 
complex. First, the onset of a communicable disease 
incident is unique from most other types of disasters 
because there is no obvious “time-zero.” It is probable 
that the initial casualties developing symptoms from a 
communicable biologic agent will be to some extent 
diffusely distributed throughout the community. As a 
result, it is likely that the first responders for these patients 
will not be paramedics, firemen, and police as is typically 
true with other disasters. Rather, the first responders will 
be the nurses and physicians in EDs, clinics, and offices. 

A community-wide, multidisciplinary management 
strategy is necessary to properly manage the casualties 
from a biological agent attack. A community that does not 
take this principle into account is bound to fail and will 
likely experience a quick paralysis of the hospital-based 
health care system. Strategies for isolation and quaran- 
tine of children and parents should be thought out well 
in advance of an event and should include preserving par- 
ent-child togetherness if at all possible. In the case of a 
pediatric hospital it is vital to have adequate security and 
control of the access to the ED. Such a facility is likely to 
be the only one in the area for perhaps hundreds of miles. 
Disabling that facility by contamination or direct terrorist 
attack will have a harrowing impact on the provision of 
health care in its service area. 


PEDIATRIC MENTAL HEALTH ISSUES 


Large-scale disasters witnessed by children all underscore 
the need for a broad mental health and public health 
approach. This multidisciplinary approach is critical for 
the child’s well-being (67). Recognizing the importance of 
keeping together or reuniting children with their parents 
is critical to management of pediatrics in mass casualty in- 
cidents. Reuniting the child with the parents provides the 
stabilizing factor of the parent-child relationship, which 
does much in protecting the emotional and mental health 
of the child. In addition, the acute effects of community 
emotional upheaval on the child are lessened. It is impor- 
tant that early and aggressive efforts be taken to initiate 
the reunification of displaced children as soon as practical 
following the disaster. Planning for such a process should 
be part of routine community planning for any disaster. 


PTSD in children after disasters has been well docu- 
mented. It has been shown to occur in children up to 
100 m away secondary to repetitive media play of the inci- 
dent (68). With the pervasive coverage activities of modern 
media, the psychological impact of severe disaster events 
may be a national phenomenon in children, particularly if 
they are exposed to such televised stimulation on a nearly 
constant basis. A cross-sectional survey of 364 internally 
displaced 6- to 12-year-old children and their parents liv- 
ing in central Bosnian collectives was conducted during 
the war. Almost 94% of the children met Diagnostic and 
Statistical Manual of Mental Disorders, Fourth Edition, cri- 
teria for PTSD (69). Protecting children from all aspects of 
the disaster experience is ideal, but short of that it remains 
critical that they are not deluged by the after effects of the 
event. They should be removed from the environment and 
returned to normal life with appropriate counseling as 
quickly as possible. 

If the purpose of terrorism is to terrorize, it should be 
expected that children are targets. The overall mental 
health of a community is extremely vulnerable when 
children are targeted. Addressing the needs of adults 
and children alike is an essential component of terrorism 
response (70). Counseling the adults is as important as 
counseling the children. Children require an open, honest, 
but reassuring approach to understand the events of 
the disaster on their own terms. Adults often feel not 
only the stress associated with their own fears and loss 
from the event, but guilt at being unable to protect and 
provide for their children (22,71). Reassurance of the adult 
caregivers and education with regard to how to approach 
their children will do much to improve the healing process 
for both (22,71). Reestablishing some semblance of 
normalcy by rebuilding or replacing the brick and mortar 
infrastructure damaged in an attack is another component 
in healing the emotional anguish created by an attack. 


CHILDREN OF ESSENTIAL PERSONNEL 


Protection and treatment of the children and close family 
members of essential personnel responding to a disaster 
is critical for maintaining the integrity of the health 
care and response systems. As few as 32% of health care 
workers who were mothers would show up for work in 
one hypothetical scenario in which the State of Israel was 
attacked by Iraq with Scud missiles armed with chemical 
WMD (72). 


PEDIATRIC PHARMACOLOGY 


Pharmacological considerations are a key to a successful 
response to pediatric casualties from a disaster. Phar- 
maceuticals are a component of all major phases of 
the disaster response and as such, should be part of 
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D TABLE 3-1 Atropine Autoinjector Selection for Children in 
Nerve Agent Exposure. 


Autoinjector color Dose 
Green 2mg 
Dark red 1mg 
Blue 0.5 mg 


6 mo-4 yr 


Age Weight 
10 yr—Adult >41 kg (90 Ib) 
4-10 yr 18-41 kg (40-90 Ibs) 


6.8—18 kg (15-40 Ib) 


Abbreviation: NDA: Atropen Autoinjector Atropine Injection. NDA 17-106/1-028 Package 


Insert 


Children weighing less than 6.8 kg (15 Ibs) should not generally be given an autoinjector. 
The dose should be individualized in these casualties at 0.05 mg/kg. 


the planning process for all phases. Plans for pediatric 
pharmaceutical use must consider issues such as dosage, 
relative and absolute contraindications, potential side ef- 
fects, major adverse reactions, and availability. As an 
example, autoinjectors of atropine are manufactured for 
the child, but are often not generally available (2,73). 

The typical medications for consideration include some 
specific antidotes (atropine, pralidoxime, diazepam, and 
lorazepam), general antibiotics, general resuscitative med- 
ications, fluids, glucose, and tetanus toxoid, sedative and 
paralytic agents for procedure and airway management. 
It is recommended that EMS systems, EDs, and hospitals 
maintain at minimum, a 48-hour supply of such medi- 
cation available for disasters. This may be estimated on 
the average daily census over 1 year, plus an additional 
100 casualties (1). Reliance on tertiary pediatric institu- 
tions in a community to supply all the pediatric needs 
in a disaster may result in an overload of that facility 
with depletion of available pediatric pharmaceuticals. In 
general institutions (i.e., not primary pediatric hospitals 
or EDs), the overall calculation should be broken out into 
adult and pediatric census. The pediatric need may be es- 
timated separately based on the pediatric ED census with 
procurement of pediatric dose pharmaceuticals following 
the same principles. 

When planning for biological agent attacks, chemother- 
apy, chemoprophylaxis, immunotherapy, and immuno- 
prophylaxis represent the four major categories of 
medications that require attention. Medications to achieve 
these ends must be stockpiled in a 48-hour supply and 
ready to dispense in appropriate dosages and forms for 
children. The Strategic National Stockpile is equipped 
with pediatric specific pharmaceuticals (see Chapter 6). 
State and local health departments should also adhere to 
these strategies for pediatric MCIs (1). 

Examples of antibiotics that will likely need to be given 
to children in this type of incident include ciprofloxacin 
and doxycycline. It is noteworthy that both medications 
are relatively contraindicated in children due to effects of 
bone development and dental staining. However, when the 
risk benefit ratio of providing or withholding them during 
a biological terrorism attack are considered, the benefit 


clearly outweighs the risks. Documentation of informed 
consent (at least verbal) is always a wise practice. 

The greatest challenge for hospitals may be the sudden 
presentation of large numbers of contaminated individu- 
als (74). Expertise in hazardous materials exposure, de- 
contamination, and personal protective equipment use is 
essential in these events. The proper use of specific anti- 
dotes such as atropine, pralidoxime diazepam (Table 3-1) 
will be expected of hospital-based health care workers 
when circumstances dictate. As noted previously, standard 
antidote autoinjectors for nerve agent treatment are not 
appropriate for children. Although pediatric autoinjectors 
for atropine are manufactured, they may be difficult to 
obtain in the quantity needed. Atropine is available in the 
product AtroPen from Meridian Medical Technologies of 
Columbia, MD. The product is approved for use by individ- 
uals with training to recognize nerve agent or insecticide 
poisoning (75). AtroPen is available in three different con- 
centrations, 2 mg (green), 1 mg (dark red), and 0.5 mg 
(blue). Table 3-1 indicates the proper atropine dose and 
autoinjector selection for children. If needed, the standard 
2 mg adult antidotes autoinjector of both pralidoxime and 
atropine may be safely discharged into other vials to be 
aliquoted in appropriate doses for pediatric casualties suf- 
fering from nerve agent exposure (73). This may be needed 
when the pediatric autoinjectors are not available or when 
the age of the child is less than 6 months. 

Pharmacological preparedness for pediatric casualties 
of nuclear and radiological events includes the availability 
and proper use of blocking and decorporating agents when 
indicated (1). The type of pharmaceutical needed will vary 
with the type of radionuclide released (see Chapter 27). 
As example, fission reactions—from nuclear reactors or 
nuclear bombs—release large amounts of radioactive 
iodine-131 (15İT) and radioactive cesium-137 (157Cs). Both 
of these radioisotopes localize in the thyroid where they 
cause damage. The accumulation of these elements may 
be diminished by blocking their uptake at the thyroid with 
nonradioactive potassium iodide (KI). Evidence after the 
Chernobyl reactor disaster clearly indicate a significant 
increase in autoimmune thyroid disorders in children 
(in particular, those who were already iodine deficient) 
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from even remote exposure to the ""İT and ""7Cs released 
in the reactor plume (76). Health care workers need to 
understand the ideal KI dosages, preparation, guidelines, 
and limitations of this therapy for children. Many parents 
have been led to believe that there is an “antiradiation” 
pill available. This is due in no small part to advertising 
to the lay public of KI by some companies under 
such pretentious names as ThyroShield, Rad-Block, and 
Anti-Radiation Pills. Unfortunately these misconceptions 
are often reinforced by the news media and popular 
television and cinema presentations. The use of blocking 
or decorporation agents must be tailored to the specific 
radionuclide(s) to which the casualty has been exposed. 
As example, plutonium-238 (755Pu) could be released in 
a “dirty bomb” and not undergo fission (i.e., no nuclear 
reaction, only a conventional explosion to distribute the 
238Pu). As such, the only radioactive agent the casualties 
would be exposed to would be the 738Pu. As opposed to 
BII and "7cs, ?55pu is not taken up by the thyroid but 
concentrates in the bones and liver (77). Doses of KI are 
entirely ineffective in blocking or removing **8Pu from 
the body. Doses of diethylenetriamine pentaacetic acid 
(DTPA), however, are useful in this setting (77-79). Further 
treatments for management of radiological casualties 
might include marrow stimulating agents and other 
treatments, such as Prussian blue, aluminum hydroxide, 
magnesium sulfate, and chelating agents. 


DISPLACED CHILDREN 


As noted previously in large-scale disasters involving mass 
casualties, children often survive their parents and other 
family members. They are more vulnerable to communica- 
ble diseases and environmental exposure than adults and 
are dependent on others for support (80). Plans to care 
for large numbers of homeless and orphaned children are 
essential to good disaster preparedness and management. 


CARE OF THE PREGNANT WOMAN 


Evidence supports the contention that in utero fetal 
growth is adversely affected in the weeks following 
a major disaster (44,81). It has been shown that an 
earthquake experienced early in pregnancy is associated 
with shorter gestational length, presumably a result of 
the stress of the event (82). One study reviewed the 
prenatal medical problems in pregnant women during 
the flood disaster of July 1997 in the Klodzko Region 
of Poland. Of 47 pregnant women injured from the 
flood disaster, researchers observed adversely affected 
reproductive outcomes that included: pregnancy loss in 26 
of the women (55.3%). Other pregnancy-related problems 
were also observed in this cohort: premature delivery, 


missed abortion, birth asphyxia, premature rupture of 
membranes, and intrauterine growth retardation (83). 
An increase in the number of pregnant women seeking 
medical attention for contractions can be expected as 
well (84). Ensuring surge capacity in labor and delivery, 
newborn nursery, and neonatal intensive care wards is 
essential in community and hospital preparedness efforts. 


CHILD INJURY PREVENTION IN THE 
AFTERMATH 


Following disasters, most deaths are in infants and chil- 
dren younger than 5 years; most deaths being attributed 
to preventable illnesses such as malnutrition, diarrhea, 
and infections (85). Current evidence indicates that child 
abuse escalates after major disasters (86). Unique injuries 
can also occur in certain scenarios where children are ex- 
posed to secondary hazards such as atropine autoinjectors 
and gas masks that have been passed out to the civilian 
population (87,88). 

Emergency health care providers the ED should expect 
to see an increased census, with more diagnoses of open 
wounds, gastroenteritis, and skin infections. They may 
also see hydrocarbon and bleach ingestions, as noted 
previously (37). After hurricanes and/or heaving flooding, 
children can be injured by drowning, falling into open 
manholes, contacting downed power lines, eating spoiled 
food, drinking contaminated water, and contact with wild 
animals. A proactive injury prevention program focused 
on injury and accidental poisoning in children should help 
reduce the reported morbidity (37). 


SUMMARY 


Gaps in Pediatric Disaster Preparedness 


Larger metropolitan areas in the United States and in other 
developed nations often have only one pediatric ED skilled 
in the management of multiple acute, pediatric patients. 
Most cities have no such facility. A pediatric mass casualty 
event can saturate even the largest and most capable of 
pediatric EDs. In any community, a WMD attack will 
likely overwhelm pediatric resources rapidly. Despite this 
fact, pediatric disaster preparedness has received little 
attention worldwide (1,89). A concentrated effort must be 
made to develop general pediatric protocols for disasters, 
and strongly integrate this educational message into the 
general emergency health care and disaster planning 
community. 

The value of the expertise and capability of dedicated 
pediatric emergency facilities and their staff must be 
recognized and integrated into community, regional, and 
national disaster response plans. There will never be 
sufficient highly skilled emergency pediatric practitioners 
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to cover all areas of a nation for all potential pediatric 
disasters. As such, the expertise of these existing experts 
must be made available through educational outreach 
programs, planning groups, response teams, and other 
methods such as telemedicine. 

Pharmacological variations for children are rarely 
taken into account during the planning process for 
disasters. Accounting for these variations and providing at 
least basic supplies and guidelines can make the difference 
in outcome during disasters. 

The dearth of pediatric expertise extends into the 
prehospital area as well. Directed educational programs 
and clinical experiences that provide hands on training 
for prehospital emergency care providers should be 
provided to help remedy this weakness. Evaluation 
of the performance of prehospital personnel on the 
Pediatric Advanced Life Support (PALS) examination after 
having taken the course initially have resulted in the 
recommendation that the program be repeated every 2 
years (90). Average scores dropped by as much as 16 
points on average with no correlation detected between 
the drop and original test score, years of advanced 
life-support experience and training, or PALS instructor 
status (90). Performance aside, it has at least been shown 
that prehospital health care providers feel more confident 
managing pediatric emergencies if they have higher hours 
of continuing medical education on the topic (91). 

Little specific pediatric research has been done on the 
management and outcome of children during disasters. Al- 
though medical and trauma protocols exist for evaluation 
and treatment of children on a daily basis, the appli- 
cation of these protocols under a condition of resource 
constrained triage and treatment have not been evaluated 
(see Chapter 2). We have almost no current knowledge 
(basic bench research or clinical) regarding the manage- 
ment of children during a WMD event. At the same time 
we know that children are likely targets of terrorists. 

The National Disaster Medical System (NDMS) over- 
sees a network of DMATs capable of responding to disas- 
ters within 24 hours. Some have the capability to function 
independently in austere conditions for up to 72 hours. 
Several specific pediatric specialty teams exist within the 
system, but they are few in number. In addition, educa- 
tional initiatives and preparedness exercises specifically 
for pediatric WMD events have been lacking. 

Children represent the future. Our response to their 
needs in a disaster is a bellwether of our strength (or 
weakness) as a society. Planning and response must take 
into account specific pediatric needs. 
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Public Health Disasters 


Eric K. Nofi 


Public health in the aftermath of disasters must often 
address issues such as civil strife, armed conflict, popu- 
lation migration (either of cross-border refugees or inter- 
nally displaced persons), economic collapse, food scarcity, 
and famine. Modern civil conflicts have tended to target 
civilians intentionally. Consequently, civilian populations 
trapped in areas of conflict have increasingly suffered se- 
vere public health consequences, even if they have not been 
displaced from their homes. In other settings, damage to 
health, sanitation, and water facilities, as well as to housing 
and agriculture, may lead to a rapid increase in malnu- 
trition and communicable diseases, such as measles and 
infectious diarrhea and pneumonia. As Dr. Remi Russ- 
bach, former chief medical officer of the International 
Committee of the Red Cross (ICRC) aptly puts it: “Today's 
armed conflicts are essentially wars on public health.” 
Fortunately, the provision of adequate clean water 
and sanitation, timely immunization against measles, 
simple treatment of dehydration caused by diarrhea, sup- 
plementary feeding for the malnourished, micronutrient 
supplements, and the establishment of an adequate public 
health surveillance system greatly reduces the health risks 
associated with the harsh environments of refugee camps. 


CRITICAL PUBLIC HEALTH 
INTERVENTIONS 


Critical public health interventions in disasters and 
in civil conflicts involving mass population movements 
(refugees or internally displaced persons) or associated 
with evacuation camp settings focus on the areas discussed 
in the following sections. 


Environmental Health: Water, 
Sanitation, Hygiene, and Vector 
Management 


Water 


Overcrowding and the resulting poor water supplies and 
inadequate hygiene and sanitation are well-known factors 
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that increase the incidence of diarrhea, malaria, res- 
piratory infections, measles, and other communicable 
diseases—the prime causes of death and illness in settings 
of displacement. 

A good system of water supply and excreta disposal 
must be put into place quickly. No amount of curative 
health measures can offset the detrimental effects of poor 
environmental health planning in emergency settlement 
communities. 

Where camps are unavoidable, appropriate site loca- 
tion, layout, spacing, and type of shelter can mitigate the 
conditions that lead to the spread of disease. Site plan- 
ning must be well integrated with the overall environmen- 
tal health plan, including access to adequate sources of 
potable water, and the collection, disposal, and treatment 
of excreta and other liquid and solid wastes. 

Sanitation, waste disposal, and water distribution sys- 
tems within the emergency settlement community must be 
equally accessible to all residents. This is achieved through 
installation of an appropriate number of suitably located 
excreta disposal facilities, such as toilets, latrines, or defe- 
cation fields; solid waste pick-up points; water distribution 
points; and availability of bathing and washing facilities 
and soap; together with effective health education. 

Adequate quantities of relatively clean water are prefer- 
able to small amounts of high quality water. The United 
Nations High Commissioner for Refugees (UNHCR) rec- 
ommends that each refugee receive a minimum of 15 to 
20 L of clean water per day for domestic needs. Provision 
of buckets with lids to each family and then chlorinating 
each bucket at the distribution source is labor intensive 
but has proved to be an effective prevention step that can 
be instituted early in an emergency. 


Excreta Disposal 


During the early acute phase of emergencies, latrine 
construction begins, but initial sanitation measures may 
be nothing more than simply designating an area for 
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defecation in each camp, hopefully segregated from the 
community” source of potable water. Construction of one 
latrine for every 20 persons is recommended. 


Vector Control 


The control of disease vectors such as mosquitoes, flies, 
rats, and fleas is an important part of an environmental 
health approach that protects community members from 
disease. 


Shelter 


Regarding refugee space allocations, the World Health 
Organization (WHO) recommends 30 m? per person, 
plus the necessary land for communal and agricultural 
activities and livestock, as a minimum overall figure useful 
in camp layout planning. Of this total space allotment, 
3.5 m? is the absolute minimum floor space per person in 
emergency shelters. 


Communicable Disease Control and 
Epidemic Management 


The major reported causes of death among refugees 
and displaced populations—malnutrition, diarrheal dis- 
eases, measles, acute respiratory infections, and malaria— 
consistently account for 60% to 95% of all reported causes 
of death. The prevention of high mortality due to commu- 
nicable disease epidemics in displaced populations relies 
primarily on the prompt provision of adequate quantities 
of water and basic sanitation, community outreach, and ef- 
fective management of ill patients based on essential drugs 
and public health surveillance to trigger early appropriate 
control measures. For example, proper case management 
of diarrheal diseases based on relatively simple mea- 
sures and other effective, low-technology measures can 
reduce case fatality to less than 1% even in epidemics of 
cholera. 


Immunization 


Immunization of children against measles is one of the 
most important (and cost-effective) preventive measures 
in emergency-affected populations, particularly those 
housed in camps. Because infants as young as 6 months 
frequently contract measles in refugee camp outbreaks 
and are at greater risk of dying due to impaired nutrition, 
it is recommended that measles immunization programs, 
along with vitamin A supplements, in emergency settings 
target all children from the ages of 6 months through 5 
years (some would recommend up to the age of 12-14 
years). Ideally, one should strive for measles immuniza- 
tion coverage of more than 80% in refugee camp settings. 
Immunization programs should eventually include all 


antigens recommended by WHO’s Expanded Program on 
Immunization (EPI). 


Controlling the Spread of Human 
Immunodeficiency Virus/Acquired 
Immunodeficiency Syndrome 


The already massive security threat posed by this devastat- 
ing epidemic is exacerbated by civil conflicts and disasters. 
Human immunodeficiency virus (HIV) spreads fastest dur- 
ing emergencies when conditions such as poverty, pow- 
erlessness, social instability, and violence against women 
are most extreme. Moreover, in situations of war and 
civil strife, activities intended to control HIV/acquired im- 
munodeficiency syndrome (AIDS), whether undertaken 
by national governments or by other international and 
national entities, tend to disrupt or break down altogether. 

Anumber of actions to mitigate the spread of HIV/AIDS 
in disasters, civil conflicts, and other emergencies are 
already in place. HIV/AIDS is a problem that requires a 
multisectoral approach, especially in disasters and civil 
conflicts. Health, poverty, human rights and legal issues, 
forced migration and refugees, security, military forces, 
and violence against women are only some of the priority 
sectors related to the transmission of HIV, which must 
be considered in any intervention that seeks to have an 
impact. The existing “Guidelines for HIV Interventions in 
Emergency Settings”, elaborated by WHO, UNHCR, and 
UNAIDS Joint United Nations Programme on HIV/AIDS, 
are an important resource and must be disseminated and 
implemented in the field. 


Management of Dead Bodies 


One of the most common myths associated with disasters 
is the myth that cadavers are responsible for epidemics. 
In many cases, the management of cadavers is governed 
by the false belief that bodies represent a serious threat of 
epidemics if they are not immediately buried or burned. 
This threat is used as a justification for widespread and 
inappropriate mass burial or cremation of cadavers. More 
than simply being scientifically unfounded, this practice 
leads to serious breaches in the principle of human dignity, 
depriving thousands of families of their right to know 
something about their missing relatives. It is urgent to stop 
propagating disaster myths and obtain global consensus 
on the appropriate management of cadavers following 
disasters. 


Nutrition 


Undernutrition increases the case-fatality rate for measles, 
diarrheal diseases, and other infectious diseases, and de- 
ficiency of vitamins A and C has been associated with 
increased childhood mortality in nonrefugee populations. 
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Because malnutrition contributes greatly to overall 
refugee morbidity and mortality, nutritional rehabilita- 
tion and maintenance of adequate nutritional levels can 
be one of the most effective interventions (along with 
measles immunization) to decrease mortality, particularly 
in such vulnerable groups as pregnant women, nursing 
mothers, young children, persons with disability, and the 
elderly. However, the highest nutritional priority in the 
refugee camp setting is the timely and adequate provision 
of general food rations of at least 2,100 kcal/person/day 
(some would recommend as high as 2,400 kcal), and that 
includes sufficient protein, fat, and micronutrients. 


Maternal and Child Health (Including 
Reproductive Health) 


Maternal and child health care programs may include 
health education and outreach; prenatal, delivery, and 
postnatal care; nutritional supplementation; encourage- 
ment of breast-feeding; family planning and sexually 
transmitted disease (STD)/HIV prevention; immunization 
and weight monitoring for infants; and giving respon- 
sibility to women heads of households to control the 
distribution of relief supplies, particularly food (this will 
ensure more equitable apportionment of relief items). 


Medical Services 


Substantial experience shows that medical care in emer- 
gency situations should be based on simple, standardized 
protocols. Conveniently accessible primary health clin- 
ics should be established at the beginning of the emer- 
gency phase. The WHO and other organizations such as 
Médecins Sans Frontiéres (MSF) have developed basic, 
field-tested protocols for managing diarrheal disease, res- 
piratory infection, febrile illness, and other common clin- 
ical problems, which are easily adaptable to emergency 
situations. Underlying these basic case-management pro- 
tocols are what have been termed essential drug and supply 
lists. Such standard treatment protocols and basic supplies 
make it more likely that (overall) the curative care pro- 
vided will be appropriate (the overwhelming majority of 
which will be provided by nonphysicians), and allow the 
most efficient use of limited resources. 


Public Health Surveillance 


One measure of the technical progress that has been 
made in managing disaster and refugee crises during 
the last 20 years is the almost routine establishment of 
emergency health information systems, such as tracking 
disease patterns, to monitor the health of populations 


affected by complex humanitarian emergencies and to 
assist in health planning and evaluation. 

Crude death rates or crude mortality rates (CDRs or 
CMRs) are the most critical indicators of a population’s 
improving or deteriorating health status and are the 
category of data to which donors and relief agencies most 
readily respond. A CMR not only indicates the current 
health status of a population but also provides a baseline 
against which the effectiveness of relief programs can 
be followed. During the emergency phase of a relief 
operation, death rates should be expressed as number 
of deaths/10,000/day to allow for detection of sudden 
changes. In general, health workers should be extremely 
concerned when CMRs in a displaced population exceed 
1/10,000/day, or when less-than-5-years-of-age mortality 
rates (U5MR) exceed 4/10,000/day. 


SUMMARY 


In the complicated, dangerous, and unpredictable environ- 
ment of disasters and civil conflicts, there can be no single, 
perfect formula for mounting an effective and appropri- 
ate public health response. Every situation is unique in 
terms of its political, environmental, cultural, economic, 
and public health context; what worked in Afghanistan in 
the winter of 2001 to 2002 may not work in Ethiopia, Iraq, 
East Timor, or Kosovo. Nevertheless, there are principles 
and practices that are relevant to every emergency. 

Timely public health interventions include food ra- 
tions with adequate calories and micronutrient content, 
equitably distributed; relatively clean water in sufficient 
quantities; medical care, with a focus on community out- 
reach efforts (e.g., oral rehydration outposts to manage 
dehydrated diarrhea patients) and effective case man- 
agement of common life-threatening diseases such as 
malaria and pneumonia; disease prevention (e.g., measles 
immunization); and the institution of a basic health in- 
formation system that includes mortality and nutritional 
surveillance. 
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Infectious Diseases and Disasters 


P. Gregg Greenough 


“The 1918 has gone: a year momentous as the termina- 
tion of the most cruel war in the annals of the human 
race; a year which marked, the end at least for a time, 
of man’s destruction of man; unfortunately a year in 
which developed a most fatal infectious disease causing 
the death of hundreds of thousands of human beings. 
Medical science for four and one-half years devoted itself 
to putting men on the firing line and keeping them there. 
Now it must turn with its whole might to combating the 
greatest enemy of all—infectious disease.” 

JAMA;1918 


INTRODUCTION 


As experience with modern disaster medicine has grown 
and the study of the discipline among academic centers, 
policy makers, humanitarian aid organizations, and gov- 
ernments has become more rigorous, a focus on infectious 
diseases as a consequence of disasters has received more 
intense scrutiny. One benefit of this increased attention 
has been the clarification of the risks of the specific in- 
fectious diseases associated with disasters. In addition, 
a number of misconceptions regarding the relationship 
between disasters and infectious disease epidemics have 
been put to rest. 


Epidemic Risk from Disasters 


In general, the risks of large-scale epidemics are quite 
low immediately following acute-onset natural disasters, 
particularly in the developed world. In fact, disease 
surveillance in relief camps in the emergency phase of 
the disaster indicates that although increased disease 
transmission is commonly noted, full epidemic outbreaks 
are quite rare (1). If infectious disease outbreaks occur, 
they usually do so in the postimpact or recovery phases of 
the disaster and not during the acute impact phase (2). The 
risk of epidemic disease outbreak can increase, however, 
if drought, famine, or large displacements of people 


44 


are involved. This is primarily because these events last 
much longer, providing ample opportunity for disease 
transmission under conditions of basic public health 
breakdown. During such events, crude mortality rates 
from infectious diseases in the developing world have been 
reported to be 20 to 30 times higher than the baseline (1). 


Complex Humanitarian Emergencies 


The term complex emergencies has evolved to define better 
the disruption of civil societies and community structures 
due to civil war and other causes that often generate 
refugee movements, thereby placing millions at risk for 
infectious disease outbreaks. The so-called ethnic cleans- 
ings in the Balkans and the post-Cold War, postcolonial 
insurgencies in Africa had the highest mortality rates 
from infectious diseases in recent history. However, these 
risks are decreased when public health infrastructure is 
established to provide potable water; safe food; sanita- 
tion services, including human and animal waste removal; 
adequate personal hygiene; vector control; maintenance 
of routine immunization programs; sufficient ventilation 
and space in shelters and temporary housing; and isola- 
tion of patients with communicable diseases. The topic of 
Complex Humanitarian Emergencies is covered in detail 
in Chapter 9. 


Emerging Diseases (New Diseases) 
during Disasters 


Unless an organism or disease-carrying vector is brought 
into the disaster area, any outbreaks that do occur 
are essentially always from diseases endemic to the 
disaster area. In instances where infectious diseases have 
led directly to elevated mortality rates during disasters, 
those increases have been due to increased frequency of 
endemic illnesses (3). For instance, flooding may lead to 
increased frequency of infectious diseases (particularly 
enteric waterborne conditions); however, it has been 
demonstrated that the preexisting level of public health 
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infrastructure before the flood and the level remaining 
after the flood are important factors (4). When public 
health infrastructure remains relatively intact, no large 
increases in waterborne diseases have been seen during 
even large periods of flooding (see Chapter 19). 


Infectious Deaths following Disasters 


In general, measles, diarrheal disease, and respiratory 
infections (all of which are preventable) constitute the 
etiologies of most deaths following both natural disasters 
and complex emergencies. Of the nearly 350 deaths in 
the 12 weeks following the Mount Pinatubo eruption 
in the Philippines in 1992, 31% were from measles, 
29% from diarrheal illness, and 22% from respiratory 
infections (5). Diseases such as typhoid, cholera, and 
meningitis have occurred in postdisaster environments 
but usually only in refugee camps in the developing world. 
Even within these settings, the overall mortality is low 
from these diseases (1). In reality, the displacement of 
large numbers of disaster survivors packed into crowded 
unsanitary living conditions has historically produced the 
most significant postdisaster infectious disease epidemics, 
particularly in large refugee camps and in populations 
affected by food shortages (6). 


Dead Bodies 


Although not always the perception of the news media 
and the general public, dead bodies do not pose a serious 
infectious disease risk. Although bodies are physically 
unpleasant to disaster survivors, they do not need to be 
buried or incinerated quickly for purposes of minimizing 
infectious disease risk. The human body does not act as a 
reservoir for strongly pathogenic or contagious organisms 
(or these diseases would be manifest during life). The 
dead should be identified first and then afforded a burial 
appropriate to the culture and beliefs of the impacted 
population. This can do much to diminish the additional 
psychological stress of the survivors without increasing 
the risk of infectious disease outbreaks for the general 
population. 


RISK FACTORS FOR INFECTIOUS 
DISEASE OUTBREAKS FROM 
DISASTERS 


When conditions do exist that promote the increased 
transmission of endemic infectious illnesses, the risk of 
epidemics may occur. The conditions associated with 
elevated risk are noted as follows: 


m Large population displacement 
m Disruption of safe water supplies 


m Disruption of sanitation 
m Loss of basic public health infrastructure 
m Loss of primary care medical infrastructure 


Therefore, successful planning for potential outbreaks 
demands that public health officers and medical officers be 
knowledgeable about the diseases endemic to the disaster 
area. This includes knowledge of organisms that have 
caused disease previously but have been controlled by 
local public health measures because such diseases can 
reemerge following a disaster (2). 

In general, any natural or manmade disaster that com- 
promises or disrupts one or more parts of the public 
health infrastructure, including the sanitation systems, 
potable water supplies, food and nutrition stores, pri- 
mary health care access (including routine vaccination 
programs), vector control programs, and established sys- 
tematic surveillance mechanisms, can trigger infectious 
disease outbreaks (2). Successful intervention requires 
rapid assessment to determine where the breakdown of 
infrastructure has occurred. Disaster managers, public 
health specialists, and health care providers should pay 
specific attention to the degree to which infection control 
measures have been affected during the acute disaster 
phase and should repair those defects and treat the cases 
that have surfaced. How well the likely points of break- 
down are targeted in advance and how thorough the 
response planning has been will determine the success 
in minimizing the potentially devastating effects of infec- 
tious disease outbreaks caused by the disaster. Honing 
in on the weak links of the predisaster public health in- 
frastructure and identifying the points of disruption in 
the immediate phase mean that useful supplies can be 
acquired and valuable resources can be directed appropri- 
ately over the longer postimpact phase when epidemics 
are more likely to occur. 

When Hurricane Andrew destroyed 25,000 homes and 
left 200,000 homeless in late August 1992, the Florida De- 
partment of Health and Rehabilitative Services and the 
United States Army established an active surveillance sys- 
tem based at 43 temporary care sites and 8 emergency 
departments (EDs) for 1 month following the disaster. 
Looking at six index conditions, five of which indicated a 
possible infectious disease outbreak (e.g., rash, diarrhea, 
cough, animal bite, and other infections), they concluded 
that no change occurred in the proportional morbidity 
(the total number of patient visits per total number of 
visits) for diarrhea than that expected under normal con- 
ditions. Cough had a higher proportional morbidity but 
was not sufficient to be considered an epidemic. Aggres- 
sive surveillance pinpointed possible disease outbreaks 
for amelioration despite the fact that the electrical power 
supply had been disturbed, the routine disease surveil- 
lance mechanism had been disrupted, and the water was 
generally not potable (7). This points out the utility of 
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rapidly establishing surveillance programs following a 
disaster. 

Breaks in the public health infrastructure lead to out- 
breaks from increased modes of transmission of infectious 
diseases, increased susceptibility to endemic organisms 
among the disaster survivors, and, rarely, introduction of 
new organisms into the environment by outsiders provid- 
ing aid. Although increased travel, intercontinental trade, 
and the international nature of disaster aid workers can 
introduce new organisms into a nonendemic area, this has 
been an uncommon occurrence (8). 


INCREASED MODES OF INFECTIOUS 
DISEASE TRANSMISSION 


Modes of transmission occur through airborne, water- 
borne, or vector-borne mechanisms that are often en- 
hanced during a disaster. Increased susceptibility occurs 
through malnutrition, migration of large populations, in- 
accessibility of medications for disaster casualties with 
underlying chronic disease, associated injuries such as 
wounds, psychological stress, and exposure to extreme 
heat and cold. 


Overcrowding 


Disaster survivors who lose their housing are often 
crowded into temporary shelters or camps, which increase 
their risk for airborne disease transmission (especially 
measles), upper respiratory infections, meningitis, and 
tuberculosis. Increased mortality in refugee camps has 
been particularly linked to measles and upper respiratory 
infections (7). 


Measles 


Before the 1990s, measles outbreaks after natural disasters 
were a common occurrence; however, mass immunization 
programs in the predisaster phase and in the immediate 
postdisaster phase and improved attention to vitamin A 
deficiency, have decreased the frequency of these out- 
breaks. The last outbreak with high incidence rates was 
after the Mount Pinatubo eruption. Following that disas- 
ter, more than 100,000 people were housed in evacuation 
camps. Measles cases numbered 18,000 in the 3 months 
following the disaster. The disease accounted for nearly 
one-fourth of all clinic visits and 22% of all deaths. The 
predisaster vaccination rates were extremely low, and they 
likely contributed to the high incidence (9). Measles con- 
tinues to be a problem in refugee populations generated 
by complex emergencies, as evidenced in Somalia (1992), 
Nepal (Bhutanese refugees, 1992), Zimbabwe (1992), and 
Sudan (1985, 1993) and most recently among the East 
Timorese (1999). 


Meningitis 

Neisseria meningitis remains the most feared epidemic be- 
cause of its rapid, fulminant course. Again, the highest 
at-risk populations include those living in crowded con- 
ditions associated with poor hygiene. Although bacterial 
meningitis is rare, it has been documented in overpopu- 
lated refugee camps in the developing world, notably in 
Thailand (1980) and sub-Saharan Africa, especially Sudan 
(1985 and 1988), where group A meningococcal disease is 
endemic (10). 


Upper Respiratory Infections 


Upper respiratory infections contribute significantly to 
mortality rates in children younger than 5 years. The inci- 
dence of upper respiratory infections following Hurricane 
Georges in the Dominican Republic in 1998 was 60% in 
surveyed households. Upper respiratory infections were 
more common in shelter or migrant settlements than in 
nonsheltered households (11). 


Tuberculosis 


Although tuberculosis is not a direct result of a natural 
disaster, the overcrowded living conditions of displaced 
casualties and the disruption of treatment programs may 
lead to an increased incidence of cases or to a recurrence 
of cases in the prolonged postdisaster phase. Directly 
observed therapy programs or the medication supply 
may be disturbed for lengthy periods. Such disruption 
may have caused the fourfold increase in tuberculosis 
cases during the Bosnian conflict in 1992 (12). The 
level of malnutrition among the displaced and in those 
with lowered immunity may also enhance the spread of 
tuberculosis following a disaster. In disaster areas where 
human immunodeficiency virus (HIV) infection rates are 
high, one may expect high prevalence rates of tuberculosis 
due to coinfectivity. 


FACTORS CONTRIBUTING 
TO INCREASES IN DISEASE VECTORS 


Disasters that result in large areas of standing water 
potentially lend themselves to increased rates of vector- 
borne disease. Although vector-borne disease epidemics 
rarely occur following natural disasters, a theoretical 
risk exists if flooding provides more breeding sites and 
if extensive damage to homes allows increased exposure. 
The largest recorded malaria epidemic following a disaster 
occurred in Haiti in the aftermath of Hurricane Flora 
in October 1963. More than 75,000 cases of malaria 
emerged within months of the storm’s devastation. The 
epidemic was partially attributed to the fact that more 
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than 200,000 people were homeless, resulting in increased 
vector exposure. The combination of the storm, which 
generated heavy flooding and fallen trees, and the carted 
debris, which caused the inadvertent damming of rivers, 
led to more areas of standing water. This created a huge 
increase in mosquito breeding sites. Moreover, this area 
already had a large reservoir of gametocyte carriers. In 
addition, heavy rains washed away layers of insecticide 
that had been sprayed on roofs and walls (13). 

Changes in climate, especially warming of the environ- 
ment, produce a greater frequency of extreme weather 
events (14). Conditions of heavier precipitation with more 
frequent storms and higher wind speeds, increase the rate 
of production of stagnant pools of water. Extreme heavy 
rainfalls were linked to vector-borne diseases, such as 
the Murray Valley encephalitis and the Ross River virus 
outbreaks in Australia, Eastern equine encephalitis in the 
United States, West Nile fever in southern Africa, and cycli- 
cal epidemics of malaria in Argentina and Pakistan (15). 
Insect vectors are not the only climate-linked vector prob- 
lem. In the Four Corners region of the United States 
(border area of Colorado, Utah, Arizona, and New Mexico), 
6 years of drought, followed by the El Nino Southern Oscil- 
lation, generated unusually heavy rains in May 1993. This 
led to an increase in the local population of deer mice that 
serve as the reservoir for Hantavirus. An outbreak of flulike 
illness with rapid progression to acute respiratory distress 
syndrome—hantavirus pulmonary syndrome—caused the 
rapid death of several people and created a panic in that 
area during the time of the year when influenza typically 
had high prevalence rates. Under such conditions, it was 
noted that an infectious disease or the threat of an out- 
break can overwhelm the emergency care system and can 
be considered a disaster in itself (16). 

The disruption in environmental conditions can favor 
the increased breeding of vectors or the dispersal of dis- 
eases of low endemicity. Following a prolonged period 
of heavy rainfall and resultant flooding from El Nino in 
northeast Kenya from September 1997 until January 1998, 
large areas of land remained under stagnant water. Most 
of the area’s population were nomadic pastoralists who 
were forced to move through the flooded region to higher 
ground. These nomadic people were rarely in areas of high 
malaria endemicity long enough to develop a high level of 
resistance to malaria. During this period, studies noted 
very high rates of plasmodium falciparum infection in this 
immunologically naive group (17). As a result, the malaria- 
specific mortality rates were quite high for this group as 
they were forced to move to an area of high endemicity. 

Vector-borne diseases are not the only environmentally 
generated maladies. The Northridge, California, earth- 
quake of January 1994 caused thousands of landslides that 
generated dense dust clouds in nearby eastern Ventura 
County. Arthrospores of the fungal disease coccidioidomy- 
cosis, normally found in the southern California soil, were 


carried along in these dust clouds, resulting in a threefold 
risk of developing the pulmonary disease. Of 203 identified 
cases, 3 were fatal (18). 


Climate Impact 


General warming of the climate may change the en- 
demicity of certain vector-borne diseases such as malaria, 
dengue fever, yellow fever, and a number of viral encephal- 
itides, making the likelihood of these diseases emerging 
from a disaster, a realistic threat. The increasing tem- 
peratures shorten incubation periods and increase vector 
breeding and bite rates, further enhancing the transmis- 
sion of infection. For instance, outbreaks of St. Louis 
encephalitis have been correlated with periods of extreme 
heat in California in 1984 (15). According to recent esti- 
mates, by the end of the next century average worldwide 
temperatures will have risen by 2°C to 3°C. Although 
planet and animal species are generally unable to fully 
adapt to such rapid climate changes, insect vectors are 
capable of doing so. It is already apparent that some 
disease-causing vectors are extending their range farther 
north than has been known for many centuries. 

Disruption of vector control programs may lead to 
increased rates of vector-borne diseases, particularly in 
developing countries where such programs can be tenuous 
even in the absence of a disaster. If programs of insect 
control are disrupted, for instance, breeding sites will be 
allowed to flourish, even in urbanized areas where roofs, 
outdoor pots, and garbage dumps can serve as surrogate 
reservoirs for standing water. Where insect control has 
been well established in the predisaster phase and is 
easily restored in the disaster phase, vector-borne disease 
is usually not significant. Following the Midwest floods 
of 1993 and Hurricane Andrew in 1992, no increased 
incidence of malaria, St. Louis encephalitis, or dengue 
fever was observed despite the recorded increased rates 
of mosquito biting. 


Disruption in Water Supplies 
and Waste Management Systems 


Vibrio cholerae, Shigella dysenteriae, and Salmonella typhi 
infections, hepatitis A and E, and leptospirosis constitute 
the waterborne infectious diseases that may appear 
following disasters. Diarrheal illness remains the most 
lethal infectious disease involving refugees and population 
displacements (6). Cholera, although rare in the developed 
world following natural disasters, has appeared in refugee 
camps in Bangladesh, Iraq, Malawi, Nepal, Turkey, 
Swaziland, and Zimbabwe, where it is endemic (19,20). Of 
all diarrheal illness, watery diarrhea is more common than 
dysentery or mucoid diarrhea. Following the Bangladeshi 
floods of 1988, watery diarrhea comprised 47% of all 
diarrheas; mucoid, 42%; and the more lethal bloody 
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diarrhea, 11% (21). In general, children, particularly those 
younger than 5 years, tend to be more adversely affected 
and have higher mortality rates (20,22). 

The vulnerability of casualties to waterborne diseases 
depends to a great extent on the preexisting levels 
of personal hygiene and sanitation (23). The fact that 
no major diarrheal epidemic occurred following South 
Florida’s Hurricane Andrew in 1992 can be attributed 
to the fact that the population had an adequate supply 
of water, although it was nonpotable, and that the 
sewage system remained intact (24). By comparison, 
only 41% of the African population has easy access to 
safe water, and approximately 484 million people live 
in areas prone to flooding (8). Not surprisingly, the 
major waterborne outbreaks have occurred in regions 
where large populations have been displaced; where water 
for drinking, cooking, and personal hygiene has been 
inadequate; where water sources have become easily 
contaminated; and where establishment and maintenance 
of sanitation systems have been difficult or nonexistent. 

The most drastic episode of waterborne disease mortal- 
ity in recent history was the one that occurred following 
the genocide in Rwanda in 1994. Between 500,000 and 
1 million refugees suddenly moved into the neighboring 
country of Zaire (now Democratic Republic of Congo) and 
created makeshift camps on the hard volcanic rock of the 
northern shore of Lake Kivu. This lake had long been 
known to be a reservoir for cholera. With such a rapid 
influx into a poorly accommodating environment, no easy 
way was found for quickly purifying or transporting a 
large supply of water or for digging latrine pits. Therefore, 
most refugees drank untreated water and secondarily con- 
taminated the available surface water supply with fecal 
material. The rapid influx of large numbers of refugees 
coupled with a limited water supply meant that only 1 L 
of purified water was available per person per day (the 
recommended supply is 15 L to 20 L per person per day). 
Over the course of the first month in Zaire, between 6% 
and 10% of the refugee population died (a crude mortality 
rate of 20 to 35 per 10,000 per day); of this mortality rate, 
roughly 45% was from watery diarrhea, and 40% was from 
the bloody diarrhea that followed soon after. V. cholerae 
01 biotype El Tor and S. dysenteriae type 1 accounted for 
the watery and bloody diarrheas, respectively (25). 

This event highlights all the factors leading to a 
waterborne epidemic—lack of chlorination for untreated 
water sources, as well as the unavailability of other 
purification mechanisms; lack of protection of water 
sources; lack of designated areas for defecation; and 
inadequate water supply. The most significant factor in 
the magnitude of diarrheal outbreaks following disasters 
is probably large population displacement (6). This was the 
case for half a million Kurds who quickly fled Northern 
Iraq for Turkey in March 1991. They were forced into 
cold, rocky mountain passes where water, shelter, and 


food were scarce. Diarrheal illness accounted for more 
than 70% of the deaths, particularly in children younger 
than 5 years. Two-thirds of the casualties were children 
younger than 5 years; half of those were infants younger 
than 1 year. Despite the previously good health care, 
the diarrheal mortality was high due to the poor living 
conditions, including overcrowding, poor sanitation, and 
inadequate water supplies (22). 

Damage to public water supplies and sewage systems 
can lead to the cross contamination of water lines from 
sewage pipes if the two systems run in parallel, a scenario 
that can easily occur in an earthquake. Such breaks lead to 
a loss of water pressure that creates a vacuum into which 
pathogens from the broken sewer line can be drawn in. 
More than 2,800 cases of typhoid in Dushanbe, Tajikistan, 
were attributed to such a situation in early 1997 (Personal 
correspondence, L. Roberts, 1998). 

Well water contamination caused watery diarrhea 
outbreaks in Khartoum, Sudan, during the floods of 1988. 
Following a flood in April 1994, nearly one-half of the 
population of a municipality in Finland was affected by 
Norwalk and rotavirus gastroenteritis from the backflow 
of a polluted river through a forgotten drainage pipe and 
into a groundwater well that served as a source of drinking 
water (26,27). Counties in Iowa, where water facilities 
were affected during the Midwest floods of 1993, had 
an outbreak of acanthamoeba keratitis. Households that 
depended on well water had a protective odds ratio when 
compared with those who depended on municipal water 
sources (28). Leptospirosis is the only well-documented 
disease that is directly transmitted through flood waters 
as opposed to contaminated water supplies (6). 

Although waterborne diseases more typically occur 
after hurricanes, flooding, earthquakes, and complex 
emergencies, they may also be precipitated by volcanic 
disasters. In mid-June through early August of 1980, 
an outbreak of Giardia lamblia occurred in Red Lodge, 
Montana. Approximately 780 persons were affected, with 
an attack rate of 33%. The eruption of Mount St. Helen’s 
in Washington in May that year had blanketed the 
surrounding snow-covered mountains of Red Lodge with 
a layer of heavy ash. The heat from the ash blanket along 
with a spell of warm weather caused an unusually large 
water runoff from this unprotected watershed, known to 
harbor G. lamblia. This watershed also served as the water 
supply of the city of Red Lodge (29). 

As animal husbandry grows and requires more land 
area, the risk of an additional source of fecal contamina- 
tion must be considered in the postdisaster phase. In 1999, 
Hurricane Floyd killed more than 2 million poultry and 
hogs in North Carolina. The state is home to industrial 
farming, in which large numbers of animals are kept in 
close quarters and their waste is kept in cesspools. Heavy 
rainfall and flooding overwhelmed the waste pits, causing 
the animal feces and urine to soak into the ground and 
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flow into nearby rivers. In one rural county, 9% of the 
private wells were contaminated with fecal coliforms (30). 
Similarly, an outbreak of balantidiasis on the Pacific Is- 
land of Truk occurred from groundwater contaminated 
with pig feces following a 1971 typhoon (6). 


Disruption in Other Public Health 
Programs and Infrastructure 


Disruption in a region’s routine vaccination programs 
can lead to a number of infectious disease outbreaks, 
including measles, polio, diphtheria, tuberculosis, and 
pertussis, particularly in areas where large numbers of 
displaced persons are crowded together. The elderly 
and immunocompromised may be at special risk for 
pneumococcal disease where vaccination programs have 
been affected (31). Some African countries have lost 
70% of their health network to civil war and armed 
conflict. With this loss, the processes controlling diseases 
and providing basic health services have been virtually 
eliminated (7). Following 20 years of civil war, Angola is 
one of the few remaining polio reservoirs in the world. 
By 1999, nearly 90% of the polio cases in Angola were 
those unvaccinated or only partially vaccinated internally 
displaced or refugee children (32). 

It is well known that higher rates of infectious diseases 
are seen when routine preventive health services are 
disrupted. Public health programs for the prevention of 
HIV and other sexually transmitted diseases (STDs) could 
be affected by disasters. A number of factors contribute 
to an increased HIV and STD risk, with an increase in 
the latter often being associated with an increase in the 
former. In refugee camps, prostitution often becomes 
a source of income, particularly in prolonged conflicts. 
Camps have also been associated with higher rates of 
sexual assault, where rape has been increasingly used as a 
tool of warfare, as was evidenced in the Bosnia, Rwanda, 
and Kosovo conflicts. In the developing world, testing of 
blood products for HIV and hepatitis B is often inadequate 
due to the lack of reagent supplies. This fact could 
result in an increased risk for HIV infection transmission 
during conflicts or natural disasters where blood may be 
needed for transfusion (31). These are theoretical risks 
because transmission within displaced populations has 
not been well documented. Moreover, the lack of personal 
hygiene education can lead to outbreaks of trachoma, 
conjunctivitis, lice, tinea, pinworm, and scabies. 


Direct Disaster-Induced Injuries 


Injuries from the disaster itself can promote infection. Soft 
tissue injuries from flying debris during tornadoes and 
hurricanes have led to secondary wound infections from 
a variety of organisms. Fermenting gram-negative bacilli, 
as well as anaerobes, Staphylococcus, Pseudomonas, and 


clostridia, have been noted (33). A few unusual organisms 
have been noted in tsunami-related disasters as well (see 
the related wound care information in the specific disaster- 
related chapters). 


INCREASES IN SUSCEPTIBILITY 
TO ENDEMIC ORGANISMS 


Malnutrition 


Malnutrition is associated with higher mortality rates from 
diarrheal illness, measles, malaria, and acute respiratory 
illness. On the other hand, measles and diarrheal illness 
can lead to malnutrition. This vicious cycle of infectious 
disease and malnutrition results in higher fatality rates. In 
a survey of Rwandan refugee children in Goma, Zaire, in 
1994, 36% of children with dysentery were malnourished 
versus 12% of children without recent dysentery with a 
relative risk of 2.89 (25). 

Famine and decreased per capita food production in 
general can result from natural disasters (e.g., extensive 
flooding, prolonged drought, or gradual change in climate) 
or armed conflicts. In fact, in conflict arenas such as 
Somalia, food procurement and distribution have been 
used as weapons of war. In Africa, drought permanently 
threatens 460 million people (8). Such food scarcity leads 
to malnutrition, mass migration, and the consequential 
risk of such populations living for prolonged periods in 
refugee camps (34). During the conflict in Somalia in 1992, 
which occurred on the heels of a famine in 1991, measles, 
diarrhea, and Shigella dysentery accounted for more than 
80% of the deaths in one displaced persons camp. This 
was largely due to a breakdown in public health measures 
coupled with malnutrition. Acute malnutrition prevalence 
rates in displaced Somali children at that time ranged from 
47% to 75% (35). Malnutrition and contamination of the 
scarce food supplies in camps place populations at risk for 
diarrheal disease, especially the children who tend to have 
higher mortality rates than adults (36). Leftover millet 
gruel with curdled milk in several drought-affected villages 
in Mali was linked to more than 1,700 cases of cholera 
in 1984 (37). Crude mortality rates of 20 to 30 times the 
normal have occurred in refugee camps in the developing 
world (34). The widely accepted belief is that malnutrition 
enhances disease transmission, thereby inflating crude 
mortality rates. For instance, among Kurdish refugee 
children from 12 to 23 months of age, a 13.5% rate of 
malnutrition was associated with a high incidence of 
diarrheal disease, particularly in that age-group (19,22). 


Mass Migration 


Mass population movement usually results from war, 
famine, drought, or a combination of these factors. As 
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was previously noted, such migration predisposes large 
populations to overcrowding, inadequate sanitation, mal- 
nutrition, and diseases to which they may not be im- 
mune. The highest morbidity and mortality rates occur 
in mass displacements of populations to areas of lim- 
ited resources during the acute phase of a disaster. 
Measles, diarrheal illness, and acute upper respiratory 
infections have emerged as the most common causes 
of infectious disease-related deaths among refugees and 
internally displaced populations in the 1990s. Soma- 
lia and Rwanda provide the most poignant examples 
of large-scale mortality rates from infectious diseases 
in mass population displacements. In cases such as 
these, the crude death rate is inevitably higher in the 
refugee population than the baseline crude death rate 
of the host population. As was alluded to previously, 
children younger than 5 years have a disproportion- 
ately higher crude mortality rate from infectious dis- 
eases than older children and adults among displaced 
persons. 

When groups from low disease-specific endemicity 
relocate to areas of high disease-specific endemicity, they 
place themselves at risk for diseases to which they are not 
immune. Leishmaniasis broke out in a southern Sudanese 
population when civil war caused them to relocate to areas 
around Khartoum, the capital (34). A similar episode in the 
same population occurred in 1994 when food shortages 
forced them to move northward again (38). 


Disruption in Supply of Medications 
for Chronic Diseases 


Disasters may interrupt treatment regimens in patients 
with diabetes mellitus, heart disease, renal disease, 
pulmonary disease, or immunocompromising diseases, 
leading to acute exacerbations of these ailments and 
causing further stress to the health care system. The 
Northridge (California) earthquake of 1994 disrupted the 
ambulatory care services in several hospitals and clinics. 
That, coupled with the fact that tens of thousands of 
residents were living outside their homes or in city parks 
and were unable to get to services, resulted in 15% of 
the surveyed households being unable to obtain necessary 
medications for chronic conditions (39). 


Other Predisposing Factors 


Any disaster-related event that may further compromise 
immune function adds to the risks of infectious diseases. 
Associated injuries, such as burns, cold exposures, crush 
injuries, and chemical or radiation exposures, can affect 
the immune system. Psychological stress, moreover, can 
predispose the person to infectious diseases, who is well 
into the recovery phase. 


Introduction of New Organisms 
into the Disaster Environment 


With the globalization of travel and the international 
nature of relief work, a theoretical risk exists for relief 
workers bringing infectious agents into the theater of 
operations. Such was the case of a malaria outbreak 
following the Colombia earthquake of 1983, where the 
malaria was thought to be brought in from outside the 
area (31). 


FIELD MANAGEMENT OF INFECTIOUS 
DISEASES 


The overall assessment of infectious disease risk has 
grouped a number of variables that alter that risk. These 
include the following: 


m Environmental considerations 
m Geographical variables 

m Endemic organisms 

m Population characteristics 

m Disaster type 

m Disaster magnitude 

m Resource availability (31) 


Environmental considerations include the climate at 
the time of the disaster and the degree of geographical 
isolation. The presence of certain organisms or vectors 
may vary, depending on the season. During cold sea- 
sons or in cold climates, displaced persons may crowd 
together for warmth, thereby increasing the risks of air- 
borne diseases. Characteristics of the population may 
determine risk—if the affected population is composed 
of more elderly or the very young, a greater likelihood 
of infectious diseases is seen. The nature of the dis- 
aster itself may help determine the types of infectious 
diseases that occur. Because earthquakes have a risk of 
crush injury, soft tissue infections may follow. Floods 
cause the disruptions of water and sanitation systems, 
and, therefore, they are more likely to lead to water- 
borne and vector-borne outbreaks. Famines and refugee- 
generating armed conflicts lend themselves to airborne 
and waterborne diseases. Finally, the availability and ac- 
cessibility of resources help determine infectious disease 
risk. Are medical facilities disrupted? Are supply lines 
and transportation mechanisms intact? Are medications, 
water, sanitary facilities, and personal items stockpiled? 
Is the facility storing supplies still intact? Are local, in- 
country trained personnel available to instruct survivors 
on hygiene, utilization of potable water supplies, and the 
maintenance of sanitary facilities? Answers to these ques- 
tions will help provide an overview of what is needed 
during the acute phase of the disaster to prevent out- 
breaks. 
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Prevention 


The first priorities in preventing infectious disease out- 
breaks should be repairing the points of breakdown in 
the public health infrastructure, conducting a rapid as- 
sessment of needs, and establishing an active surveillance 
mechanism. Relief providers should focus on adequate 
shelter, water, sanitation, food, and surveillance. Some 
international and nongovernmental relief agencies have 
published field manuals that are useful in establishing 
such relief priorities. 


Surveillance 


In the aftermath of the November 1980 earthquake that 
measured 6.8 in magnitude and killed 3,000, injured 
8,000, and left 270,000 homeless in the southern Italian 
regions of Campania and Basilicata, health officials 
rapidly established a national epidemiologic surveillance 
system. Despite extensive damage to the water supply and 
sewage facilities, no significant increase in deaths from 
gastroenteric or respiratory causes occurred as compared 
with the same period in a nondisaster year; this was 
attributable in part to a system that had been established 
to recognize such cases (40). By definition, surveillance 
is the “ongoing, systematic collection, analysis, and 
interpretation of health data” (41). Such a system is 
effective if it is deployed in a timely, simple, universally 
understood, accurate, and sustainable way. 

Surveillance is useful when the need for rapid inves- 
tigation and confirmation of a disease exists. Such data 
help guide resources to specific locations and for spe- 
cific diseases, thereby preventing the waste of resources 
on programs, medications, and equipment that may not 
be needed. Surveillance of the host and vectors of certain 
diseases may be helpful in deciding whether massive pub- 
lic health undertakings are warranted in the postdisaster 
phase. One such example was the Midwest floods of 1993. 
Although the postflood environmental conditions favored 
an increase in the population infected with the St. Louis 
encephalitis vector Culex pipiens, a mosquito endemic to 
the area, no increase was noted. Investigators monitoring 
the wild bird and mosquito population were able to call 
off an expensive and potentially environment-damaging 
insecticide spraying program (42). Documenting diseases 
that do not occur, as well as those that do, can also be of 
benefit, especially for dispelling rumors and fears of dis- 
ease outbreak, generated by the media or among health 
care providers. 

Surveillance should be coordinated by a single agency 
whose primary responsibility is the regular collation and 
feedback of data from all agencies participating in the 
relief effort, including state, federal, nongovernmental, or 
international organizations. Data and/or records at points 
of contact with patients should be routinely collected, 


shared, collated, and disseminated at regular meetings 
among various relief organizations to discuss poten- 
tial outbreaks. All agencies should use a standardized 
form and should report cases based on simple symptom- 
oriented case definitions (discussed in the subsequent 
text). Knowledge of the endemic diseases and vectors of 
the surrounding area in which the disaster or complex 
emergency takes place provides a baseline for the eval- 
uation of the effectiveness of surveillance measures in 
the shelter or refugee camp. This includes the knowl- 
edge of local predisaster epidemiologic statistics, such as 
crude mortality rates, below age 5 mortality rates, cause- 
specific fatality rates, and case fatality rates, as well as the 
overall population of the disaster-affected area, shelter, 
or refugee camp. Surveyors should be aware that deaths 
tend to be underreported and that the population size is of- 
ten exaggerated, thereby underestimating mortality rates 
in general (7). Once an epidemic has been identified by a 
surveillance mechanism, a method for communicating the 
appropriate public health measures should be instituted. 
Surveillance should last well into the postdisaster phase 
as outbreaks may be more likely to occur at that time (43). 


Vaccines 


Vaccination programs should be coordinated with the lo- 
cal Expanded Program on Immunizations, a World Health 
Organization program usually administered by a country’s 
health ministry. In general, vaccines give more protection 
from infectious diseases than chemoprophylaxis and at 
lower costs. In the acute emergency phase, a measles 
immunization is likely the only vaccine program nec- 
essary, especially for young children in areas with low 
baseline immunization rates. For children older than 9 
months, vitamin A should be given simultaneously be- 
cause it can decrease mortality by 30% to 50% (41). 
Measles vaccines should be provided with cold chain 
equipment, training protocols, and management manu- 
als. If surveillance reveals a laboratory-confirmed case 
of meningococcal meningitis, particularly in areas where 
such epidemics have occurred, a vaccination program is 
warranted at the onset of the epidemic, especially for 
family and close community contacts. For diseases like 
typhoid and cholera that require multiple vaccinations to 
provide adequate immunity, a mass vaccination program 
is not warranted because the period of greatest danger of 
contracting the disease would occur well before the serial 
injections (and therefore immunity) could be obtained. 
Tetanus is a concern in disasters that produce fractures 
and lacerations, such as earthquakes and floods. Routine 
tetanus vaccination for those with such injuries would be 
expected. However, no need for mass tetanus vaccination 
programs is needed. Rather, tetanus vaccination should be 
administered to those casualties with injuries. Tetanus im- 
mune globulin should be administered to casualties with 
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wounds who have no history of tetanus immunization. 
The tetanus immune globulin should be given in addition 
to the tetanus toxoid. 


Shelters 


Flooding in the northern Chinese province of Heilongjiang 
in 1998 left more than 1 million homeless. A United Na- 
tions Disaster Assessment and Coordination Team cred- 
ited the lack of an epidemic to the fact that no more than 
400 displaced persons were living together in any one lo- 
cation (4). 

In the 1980 southern Italian earthquake mentioned 
previously, the displaced population was dispersed to 
encampments, both abroad and elsewhere in Italy, which 
likely diminished the infectious disease risk (40). A positive 
correlation has been shown between child mortality rates 
and the size of a refugee camp (11,44). Therefore, the 
reasonable conclusion is that limiting the sizes of refugee 
camps or a shelter population could be beneficial in 
reducing the spread of person-to-person disease. 


Water and Sanitation 


Time and again shortage of water for drinking, cooking, 
and hygiene has been shown to be more significant for 
disease development than the presence of contamination. 
In other words, the quantity of water may be more 
significant than the quality in determining the risk for 
diarrheal disease outbreaks. When the water supply in 
Sarajevo was reduced to 5 L per person per day during 
the siege of 1994, increases in hepatitis A, diarrhea, and 
dysentery were noted (6). 

An inadequate supply of water leads to poor per- 
sonal hygiene. The United Nations High Commissioner 
for Refugees recommends 20 L per person per day, al- 
though no scientific study has proved the value of this 
figure. Potable supplies should be obtained as soon as pos- 
sible with the chlorination of untreated sources and the 
protection of existing clean sources. Protected water sup- 
plies and closed latrines were instrumental in decreasing 
cholera rates in Bangladeshi refugee camps (45). 

Providing latrines is the most important environmental 
intervention for reducing the prevalence of diarrhea 
and thereby limiting both the infant mortality rate (age 
<1 year) and the mortality rate in children aged 1 
to 5 years (Personal correspondence, Roberts L, 1998). 
Various options exist for managing human excreta. 
Defecation fields, although they may be of the most 
primitive means, can be constructed quickly. Latrines for 
communal use are better, especially if enough latrines are 
provided for group or individual family use. Education on 
the use and maintenance of sanitary facilities is crucial for 
disease prevention. Children in particular must be taught 
how to use latrine facilities. 


The ongoing evaluation and surveillance of water 
supply and sanitation facilities should be emphasized. 
During the northern China floods of 1998, central and 
provincial governments were constantly monitoring the 
quality of drinking water, and no diarrheal outbreaks 
occurred. Moving to areas more amenable for accessing 
potable water and making an allowance for effective 
means of sanitation decreased the diarrheal mortality rate 
among the Kurdish population in 1991 (22). 


Other Public Health Concerns 


Breast-feeding should be encouraged during disaster 
periods to provide enhanced immunity for infants. Food 
and nutrition programs, ongoing tuberculosis therapies 
(directly observed therapy), and vector control should be 
restarted as early as possible, although this may be difficult 
during prolonged periods of armed conflict. Vector control 
should be aimed at those disease vectors endemic in 
the disaster area. Preventing malnutrition by providing 
a minimum of 1,200 to 1,500 calories daily with sufficient 
amount of protein will also help prevent epidemics. 


DIAGNOSIS AND MANAGEMENT 


It is recommended that, if an outbreak is suspected, a 
logical chain of events must ensue. First, immediate inves- 
tigation and confirmation of cases using case definitions 
should be carried out. Then this should be followed by 
the identification of the mode of transmission, active case 
finding, and treatment. Finally, implementation of control 
measures should be carried out (3). 


Standardized Case Definitions 


In general, health providers should recognize syndromes 
or a cluster of symptoms unique to measles, upper 
respiratory infections, diarrheal illnesses, meningitis, and 
malaria. Fever, cough, mouth sores, and rash could raise 
the suspicion of measles in an endemic area with poor 
immunization levels. Rice-water stools with or without 
vomiting in a child younger than 5 years may signify 
cholera in an area where an epidemic is present. Shigella 
should be suspected with painful bloody stools and fever. 
Cough with fever indicates an upper respiratory infection 
and possible pneumonia. Signs of meningeal irritation 
with fever, especially in the presence of a purpuric rash, 
signal meningitis. All diseases under the surveillance 
program for a given population should have clearly defined 
clinical and/or laboratory criteria. 


Field Laboratories 


Laboratory confirmation of every case is not always 
necessary, especially if the case load is high and the 
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resources are limited. In such situations, laboratory tests 
should be used to establish the presence of the disease 
(index cases) of interest and to monitor its progress within 
the population. Once the index cases have been confirmed 
by laboratory analysis, further cases are identified by 
the case clinical criteria. Meningitis, malaria, cholera, 
bacillary dysentery, and typhoid should all have laboratory 
confirmation, at least, of sentinel cases. 

Deployable field laboratories can generally perform 
blood smears, Gram stains, bacterial antigen detection, 
cultures, and antibiotic sensitivities. Blood samples may 
be sent to the Centers for Disease Control and Prevention 
for serologic confirmation. Routine laboratory tests, such 
as a complete blood cell count, are not useful in a 
field setting when attempting to diagnose an infectious 
disease. Traditionally, cultures have been the test of 
choice, although latex agglutination has been found to 
be better than a Gram stain and as effective as culture for 
meningitis (46). 


Principles of Treatment 


Standardized treatment protocols should be available and 
given to health care providers along with a demographical 
questionnaire that highlights the historical and clinical 
data of individual cases. Oral rehydration therapy is the 
mainstay of treatment for diarrheal illness, with intra- 
venous hydration being used for severe cases or for those 
unable to take oral rehydration. Despite the fact that S. 
dysenteriae type 1 and V. cholerae are endemic to coastal 
Bangladesh, an aggressive program of oral rehydration 
therapy education probably kept inpatient hospital admis- 
sions for diarrheal diseases low following the devastating 
cyclone of April 1991 (37). Patients often need encour- 
agement to rehydrate; in the field, designated rehydration 
tents or wards can be set up. The focus should particularly 
be on children in whom early recognition and therapy 
can be lifesaving. In the face of increasing resistance to 
sulfonamides, bacillary dysenteries should be treated with 
fluoroquinolones and cholera, with doxycycline (adults) or 
trimethoprim/sulfamethoxazole (children). An outbreak of 
diarrheal illness should prompt the early chlorination of 
water supplies. 

Measles outbreaks should prompt health care providers 
to assess the levels of nutrition, vitamin A supplementa- 
tion, and immunization coverage. Cases should be ob- 
served for the development of laryngotracheobronchitis, 
pneumonia, and dehydration. 

Because chemotherapy resistance for malaria is vari- 
able across the world, the treatment should be based on 
local chemosensitivity. Emphasis should be on prevention 
for populations that are exposed to mosquitos, including 
long-sleeved shirts, long pants, insect repellents, bednets, 
and chemoprophylaxis. Complications include cerebral 
malaria, renal failure, and hemolysis. 


Meningitis, which is considered an epidemic when 15 
cases per 100,000 persons per week are seen, remains 
the most feared outbreak in a disaster population. Cases 
should be treated empirically in separate, specialized 
wards. In displaced populations where the entire shelter 
or camp is in close contact with others, mass chemo- 
prophylaxis is not feasible. In such environments, mass 
immunization may be the most effective means of preven- 
tion, but this is indicated only if an epidemic is impending 
and either group A or C serotypes is identified. With 
vaccinations, however, the immunity duration is short, 
particularly in young children, and it does not prevent 
the transmission of the organism by carrier individuals. 
Household contacts of confirmed cases should be checked 
for immunity, and they should be given vaccination as 
necessary. Recovering patients and household contacts of 
a confirmed case should be administered rifampicin (or 
other chemotherapeutic agents) to eliminate carriage and 
to prevent transmission, respectively. 

Other diseases requiring antimicrobials include the 
pneumonias, STDs, skin infections, and tuberculosis. 
Tuberculosis requires at least 12 months of undisrupted 
therapy, which is potentially a problem in a disaster or 
conflict setting. 


ROLE OF EMERGENCY DEPARTMENTS 


EDs and clinics that survive the initial disaster can act 
as surveillance points because they are on the frontline 
for presentations that hint at possible infectious disease 
epidemics. In addition, such facilities may be the only 
surviving source of health care. EDs can readily keep 
records of outpatient visits, presenting complaints, and 
inpatient admissions. Data on age, sex, location, suspected 
diagnosis, number of admissions, and bed utilization can 
be useful. These records can be compiled regularly and 
analyzed by a simple statistical program, such as EPI- 
INFO. 

Clinicians, emergency medical service (EMS) person- 
nel, and nurses should be familiar with symptom com- 
plexes that define disaster-related illness. They should 
also be prepared for outbreaks by mobilizing equipment 
and familiarizing themselves with treatment protocols and 
protective measures. Transfer mechanisms to predesig- 
nated higher levels of care should be in place. 


SPECIAL CONSIDERATIONS 


Iraq’s use of biological weapons against the Kurds 
following the Persian Gulf War in 1991 brought the specter 
of biological weapons to the forefront of planning for 
federal management agencies and emergency personnel. 
Anthrax, botulinum toxin, plague, and smallpox are the 
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most vvorrisome (if not the most likely) agents to be used, 
according to some bioweapon experts (47). 

The initial identification of infections associated with 
these biological agents may be difficult as they often re- 
semble common illnesses. Anthrax, for instance, presents 
with nonspecific symptoms such as fever, cough, and 
headache. Smallpox may initially cause only fevers and 
myalgias. Emergency physicians should familiarize them- 
selves with biological agents and the symptoms associated 
with exposure to them (see Chapter 35 for a discussion on 
biowarfare agents). 


SUMMARY 


Experience with infectious disease management following 
disaster is growing. Infectious disease outbreaks after 
most disasters are an uncommon occurrence. Rapid 
establishment of basic public health measures following 
a disaster have a substantial impact on the prevention 
of infectious disease outbreaks. Infectious diseases, not 
endemic to a region, will not occur unless they are brought 
into the region during the disaster response. Knowledge 
of the endemic illnesses as well as the predisaster state of 
the public health infrastructure of a disaster stricken area 
will greatly assist in plans to prevent postdisaster disease 
outbreaks. 


REFERENCES 


1. Lindtjorn B. Disaster epidemiology. Lancet 1991;337:116-117. 

2. Howard MJ, Brillman JC, Burkle FM. Infectious disease emergencies 
in disasters. Emerg Med Clin North Am 1996,14:413-428. 

3. Toole MJ. Communicable disease epidemiology following disasters. 
Ann Emerg Med 1992;21:418-420. 

4. Beach M. China’s problems persist after the flood. Lancet 1998; 
352:1203. 

5. Surmieda MR, Lopez JM, Abad-Viola G, et al. Surveillance in 
evacuation camps after the eruption of Mt. Pinatubo, Philippines. 
MMWR 1992;41:9. 

6. Toole MJ. Communicable diseases and disease control. In: Noji EK, 
ed. The public health consequences of disasters. New York: Oxford 
University Press, 1997:79. 

7. Toole MJ, Waldman RJ. Prevention of excess mortality in 
refugee and displaced populations in developing countries. JAMA 
1990;263:3296-3302. 

8. Loretti A, Tegegn Y. Disasters in Africa: old and new hazards and 
growing vulnerability. World Health Stat Q 1996;49:179. 

9. Centers for Disease Control. Surveillance in evacuation camps 
after the eruption of Mount Pinatubo, Philippines. MMWR 1992; 
41:9. 

10. Moore PS, Toole MJ, Nieburg P, et al. Surveillance and control of 
meningococcal meningitis epidemics in refugee populations. Bull 
World Health Organ 1990;68:587. 

11. Cosgrave J. Refugee density and dependence: practical implications 
of camp size. Disasters 1996,20:261-270. 

12. Toole MJ, Galson S, Brady W. Are war and public health compatible? 
Lancet 1993;341:1193-1196. 

13. Mason J, Cavalie P. Malaria epidemic in Haiti following a hurricane. 
Am J Trop Med Hyg 1965;14:533. 


. Woodward A. Doctoring the planet: health effects of global change. 


Aust N Z J Med 1995;25:46-53. 


. Patz JA, Epstein PR, Burke TA, et al. Global climate change and 


emerging infectious diseases. JAMA 1996;275:217-223. 


. Brillman JC, Sklar DP, Davis KD, et al. Hantavirus: emergency 


department response to a disaster from an emerging pathogen. Ann 
Emerg Med 1994:24:429-436. 


. Allan R, Nam S, Doull L. MERLIN and malaria epidemic in northeast 


Kenya. Lancet 1998;351:1966-1967. 


. Schneider E, Hajjeh RA, Spiegel RA, et al. A coccidioidomycosis 


outbreak following the Northridge, California earthquake. JAMA 
1997;277:904-908. 


. Toole MJ, Waldman RJ. Refugees and displaced persons: war, 


hunger, and public health. JAMA 1993;270:600-605. 


. Swerdlow DL, Malenga G, Begkoyian G, et al. Epidemic cholera 


among refugees in Malawi, Africa: treatment and transmission. 
Epidemiol Infect 1997;118:207-214. 


. Siddique AK, Baqui AH, Eusof A, et al. 1988 floods in Bangladesh: 


patterns of illness and causes of death. J Diarrhoeal Dis Res 1991;9: 
310-314. 


. Yip R, Sharp TW. Acute malnutrition and high childhood mortality 


related to diarrhea: lessons from the 1991 Kurdish refugee crisis. 
JAMA 1993;270:587-590. 


. World Health Organization. The risk of disease outbreaks after 


natural disasters. WHO Chron 1979;33:214-216. 


. Lee LE, Fonseca V, Brett KM, et al. Active morbidity surveillance 


after Hurricane Andrew—Florida, 1992. JAMA 1993;270:591-594. 


. Goma Epidemiology Group. Public health impact of Rwandan 


refugee crisis: what happened in Goma, Zaire, in July, 1994? Lancet 
1995,345:339-344. 


. Kukkula M, Arstila P, Klossner ML, et al. Waterborne outbreak of 


viral gastroenteritis. Scand J Infect Dis 1997,29:415-418. 


. Kukkula M, Arstila P, Klossner ML, et al. Waterborne outbreak of 


viral gastroenteritis. Scand J Infect Dis 1997;29:415. 


. Meier PA, Mathers WD, Sutphin JE, et al. An epidemic of presumed 


acanthamoeba keratitis that followed regional flooding: results of a 
case-control investigation. Arch Ophthalmol 1998,116:1090-1094. 


. Weniger BG, Blaser MJ, Gedrose J, et al. An outbreak of waterborne 


Giardiasis associated with heavy water runoff due to warm weather 
and volcanic ashfall. Am J Pub Health 1983;73:868-872. 


. Kilborn PT. Storm highlights flaws in farm law in North Carolina. 


NY Times (Print) 1999; October 17. 


. Aghababian RV, Teuscher J. Infectious diseases following major 


disasters. Ann Emerg Med 1992;21:362-367. 


. International Medical Corps. 2005 Annual Report. Santa Monica, 


CA: 2006; 1:3-36. 


. Brenner SA, Noji EK. Wound infections after tornadoes [Letter]. 


J Trauma 1992,33:643. 


. Shears P. Epidemiology and infection in famine and disasters. 


Epidemiol Infect 1991;107:241-251. 


. Moore PS, Marfin AA, Quenemoen LE, et al. Mortality rates in 


displaced and resident populations of central Somalia during 1992 
famine. Lancet 1993;341:935-938. 


. Centers for Disease Control. Famine affected, refugee, and displaced 


populations: recommendations for public health issues. MMWR 
1992;41:1. 


. Tauxe RV, Holmberg SD, Dodin A, et al. Epidemic cholera in Mali: 


high mortality and multiple routes of transmission in a famine area. 
Epidemiol Infect 1988;100:279-289. 


. Mercer A, Seaman J, Sondorp E. Kala azar in eastern upper Nile 


province, southern Sudan. Lancet 1995,345:187-188. 


. Frankel DH. Public health assessment after earthquake. Lancet 


1994:343:347. 


. Alexander D. Disease epidemiology and earthquake disaster: the 


example of southern Italy after the 23 November, 1980 earthquake. 
Soc Sci Med 1982;16:1959-1969. 


. The Center of Excellence in Disaster Management and Humanitarian 


Assistance. Combined humanitarian assistance response training. 
Honolulu: February 2000. 


. Cotton P. Health threat from mosquitoes rises as flood of the century 


finally recedes. JAMA 1993;270:685-686. 


5. Infectious Diseases and Disasters 55 


43. 


44. 


45. 


Bissell RA. Delayed-impact infectious disease after a natural disaster. 
J Emerg Med 1983;1:59-66. 

Mercer A. Mortality and morbidity in refugee camps in Eastern 
Sudan: 1985-1990. Disasters 1992;16:28. 

Khan MU, Shahidullah MD. Role of water and sanitation in the 
incidence of cholera in refugee camps. Trans R Soc Trop Med Hyg 
1982;76:373-377. 


46. Heyman SN, Ginosar Y, Niel L, et al. Meningococcal meningitis 
among Rwandan refugees: diagnosis, management, and outcome in 
a field hospital. Int J Infect Dis 1998;2:137-142. 

47. Henderson DA. The looming threat of bioterrorism. Science 
1999;283:1279-1282. 


f Chapter 6 | 6 


Pharmaceuticals in Disasters 


Robie V. Harrington 


“[We have] ...more medicines but less healthiness, we 

have been all the way to the moon and back, but we have 

trouble crossing the street to meet our new neighbor.” 
The Dalai Lama 


Pharmaceutical supplies are essential in the medical care 
of disaster casualties. Ongoing research by the federal gov- 
ernment and pharmaceutical industry attempts to address 
the medication needs, uses, and problems in disasters. In 
addition, reports in the literature demonstrate recurrent 
trends regarding pharmaceutical supplies during disaster 
response (1). Experiences after hurricanes, earthquakes, 
and volcanoes, as well as those with large relief efforts 
in eastern Europe, the former Soviet Union, Africa, and 
South America, consistently identify recurring needs and 
problems. Those problems suggest the need for guidelines 
for pharmaceutical agents in disaster relief. As more re- 
search into disasters is done, patterns that have the ability 
to predict more precisely the pharmaceutical needs and 
utilization will be detected. This data may be used to de- 
velop models to guide effective disaster planning and relief 
efforts (2-5). 

A comparison of the requested supplies with the lists of 
needs from previous disasters will assist in the verification 
of needs and the coordination of response. These lists are 
available from relief agencies such as The Red Cross and 
Red Crescent societies. In addition, the World Health Or- 
ganization (WHO) and donor nations have compiled lists 
of essential drugs (6). Predeployment disaster assessment 
is critical for coordinated disaster response. The time lag 
from disaster impact to receiving supplies is generally 
short and such assessments result in more efficient cost 
control and better quality of the overall relief effort (5,7,8). 
As improved methods of rapid, systematic, and accurate 
disaster assessment are developed, a targeted supply dis- 
tribution will enhance disaster response and will improve 
morbidity and mortality (4,5). 
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DOMESTIC PHARMACEUTICAL 
PREPAREDNESS 


The US government took steps for a targeted supply 
distribution network in 1999 when the Congress created 
a system for stockpiling pharmaceutical agents and 
medical supplies. Congress charged the Department of 
Human and Health Services (DHHS) and the Centers for 
Disease Control and Prevention (CDC) with establishing 
the National Pharmaceutical Stockpile (NPS). The goal 
of the NPS was to provide medicines and supplies on 
short notice to domestic localities during natural or man- 
made disasters. After the terrorist attacks in 2001, the 
Department of Homeland Security briefly assumed control 
of the NPS before turning over the responsibilities back 
to the DHHS and CDC under the new name Strategic 
National Stockpile (SNS). 

The SNS is a national repository of antibiotics, chem- 
ical antidotes, antitoxins, life-support medications, IV 
administration and airway maintenance supplies, and 
medical/surgical items (9). If there is a public health 
emergency that overwhelms the local authorities, they 
can request federal help with disaster management. Once 
activated by federal officials, pharmaceutical agents and 
supplies can be deployed within 12 hours to any loca- 
tion in the United States. Each state has received special 
training on receiving and distributing the medications 
and supplies. These items are meant to supplement and 
resupply the local areas affected by the disaster. The SNS 
can respond to different types of needs. The 50-tonne 
push packages contain pharmaceuticals and medical sup- 
plies needed quickly for general resupply after widespread 
disaster. A general push package is demonstrated in 
Fig. 6-1. The medications and supplies are useful for 
airway support and IV fluid and medication adminis- 
tration, and include antibiotics and chemical antidotes 
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FIGURE 6-1. A push pack from the Strategic National Stockpile. 
From the Centers for Disease Control and Prevention, with 
permission. (Available at http://www.bt.cdc.gow/stockpile/.) 


used for treating certain types of chemical and radiation 
exposure. The push packages do not contain pharmaceu- 
ticals for primary care (e.g., hypertension, diabetes). Push 
packages are positioned in strategically located, secure 
warehouses, ready for immediate deployment to a desig- 
nated area (9). If a specific man-made threat is known, the 
SNS can deploy Vendor Managed Inventory (VMI) supplies, 
which contain medications and antidotes for the known 
agents. In addition, follow-up VMI deliveries can be made 
to a disaster area with additional pharmaceuticals and 
supplies. 

Although the CDC can provide a Technical Advisory 
Response Unit (TARU)—a team of specially trained phar- 
macists, emergency responders, and logistics experts—it 
is the responsibility of the state and local authorities to 
coordinate staging, distribution, and dispensing of the 
supplies. The TARU will assist with these activities but it 
is essential that local agencies have well-identified emer- 
gency plans in place. 


MANAGEMENT OF PHARMACEUTICAL 
DONATIONS 


Pharmaceutical agents are a key part of any disaster re- 
sponse; however, management of these agents can keep 
a significant number of disaster response personnel oc- 
cupied. Recurrent problems have been identified, and 
solutions have been outlined. Therefore, general guide- 
lines for pharmaceutical donations have been identified 
by WHO, and these are presented in Table 6-1. 


) TABLE 6-1 Pharmaceutical Donation Guidelines 


No drug should be sent without a specific request or prior 
clearance by the receiving nation 

No drug should be sent that is not on the list of essential drugs of 
the receiving nation (or if not available) on the WHO list of 
essential drugs 

No drug should arrive with a future life (before expiration date) of 
less than 1 yr 

Labeling of the drug should be in the appropriate language(s) and 
should contain the generic name, strength, name of the 
manufacturer, and expiration date 

Labeling on the outside of the package should contain the same 
information as above, plus the total quantity of drugs in the 
package 


Abbreviation: WHO, World Health Organization. 


VOLUME OF PHARMACEUTICAL 
AGENTS 


The massive scale on which pharmaceutical donations 
arrive is often staggering, and it commonly overwhelms re- 
lief workers. Sixteen days following the 1976 Guatemalan 
earthquake, more than 100 tonne of supplies arrived in 
7,000 cartons of various sizes. This required 40 students, 
supervised by three pharmacists, to spend an estimated 
1,120 hours sorting and classifying drugs; meanwhile, 
more shipments continued to arrive (7). 

In the aftermath of the Armenian earthquake on 
December 7, 1988, more than 5,000 tonne of drugs and 
medical supplies were donated to the region. The local 
storage capacity was quickly overwhelmed. Even with the 
erection of 32 new warehouses, only 70% of the donations 
could be regionally housed. By January 1989, donated 
supplies were being shipped to Moscow for storage. Fifty 
people took more than 6 months to review the drugs 
before they were able to gain a reasonable idea of what 
was sent to Armenia after the earthquake (10). From 
1992 to mid-1996, between 27,800 and 34,800 tonne of 
drugs and medical supplies were donated to Bosnia and 
Herzegovina; from 50% to 60% or 13,900 to 20,900 tonne 
of these drugs were considered inappropriate (11). 

The overwhelming quantity of donations, which are 
often unsolicited and unsorted, may become such a 
problem that it has been referred to as the second 
disaster (8). Recent trends show that donation response 
to international disasters is on the rise. This trend makes 
disaster assessment increasingly important for efficient 
relief efforts. During the tsunami relief effort in late 2004 
and early 2005, the outpouring of donated money and 
supplies led to concern that tsunami aid would detract 
from other pressing humanitarian needs (12). 
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SORTED AND UNSORTED AGENTS 


Drugs brought into disaster zones arrive as either sorted 
or unsorted donations. Sorted drugs are those that are 
marked in a manner that makes them immediately identi- 
fiable. These include those arriving in cartons containing 
multiple contents or single-use items. Unsorted donations 
contain a mixture of items without a label identifying the 
contents (7). They represent a significant problem for disas- 
ter relief workers. In the early medical relief efforts after the 
Armenian earthquake, health care providers spent nearly 
two-thirds of their time looking for and properly identifying 
useful medications. Only 20% of drugs arriving were identi- 
fiable and were sorted (10). Following the 1976 Guatemala 
earthquake, only approximately 10% of donated drugs 
were sorted. By the 1988 Armenian earthquake, up to 70% 
of donations were sorted (7,10). Even with a decrease in the 
percentage of unsorted donations, the presence of random 
items severely impairs relief efforts. Unsorted donations 
consume personnel resources that may already be in short 
supply following a disaster. They interfere with disaster 
relief by competing for resources that are better directed 
toward more critical activities. 


DRUG DUMPING 


Publicity following major disasters leads to a frenzy of 
donation activity that is often inappropriate and that 
creates many secondary problems for recipients on scene. 
In part, this phenomenon is fueled by the idea that any 
supply or drug is better than none. In addition, most 
donors believe these donations will find a use in a disaster 
zone, no matter what is sent. Most donations are well 
intended; however, in some circumstances, donors have 
been accused of drug dumping. 

Drug dumping is the donation of useless or unusable 
medicines. The volume of these drugs can be impressive 
and can impose new problems on the recipients. From 1983 
to 1987, Sudan dealt with an estimated 8 million tablets 
of expired chloroquine and 500,000 tablets of piperazine. 
In 1994, a Zambian mission hospital received a box of 
amphetamine-based appetite suppressants, which it had 
to destroy (13). One unannounced shipment to Georgia in 
1994 contained 20 tonne of expired silver sulfadiazine oint- 
ment that took months to incinerate (14). Other examples 
of this continued practice were found in Bosnia and Herze- 
govina; these included army medical supplies from World 
War II, plaster tapes dated 1961, and dapsone for leprosy 
treatment, a disease not found in the region (11). 

Benefits to the dumpers can be substantial; they include 
decreased risks and costs associated with storage, sub- 
stantial tax deductions, and the avoidance of destruction 
cost, which is estimated at U.S.$2,000 per tonne. Bosnia 
and Herzegovina received an estimated 17,000 tonne of 


unusable medication. Even after deductions for transport 
cost to the region, the donors may have saved $25.5 mil- 
lion, while creating a problem that cost the recipients $34 
million for the destruction of the agents (11). 

Recipients must deal with costs of health and envi- 
ronmental hazards, storage, handling, sorting, managing, 
and destruction of useless medicines (11). In addition, 
they may have to deal with the ramifications of having 
banned, illegal, or nonregistered substances in their coun- 
try. Donors following the WHO guidelines in Bosnia- 
Herzegovina were found to have a lower percentage of 
donations that were perceived as inappropriate (5%) than 
did the other donors (11). 


LOGISTICS 


The packaging and transport of donations can become 
a problem, even with solicited, sorted supplies. Pharma- 
ceutical agents are often shipped in packages weighing 
hundreds of pounds that are too large to be easily han- 
dled. This difficulty may be particularly important during 
a disaster when transportation routes and handling equip- 
ment may be suboptimal (8). Small packages that can be 
transported by one or two persons are recommended (10). 
The WHO guidelines for drug donations specify 50 kg 
as the upper limit for individual carton weight (6). Do- 
nations of transportable storage facilities and logistical 
equipment are another important consideration during 
a large-scale response because local resources may be 
rapidly saturated (10). 

Drugs may be delivered as prepackaged kits, such as 
those based on the WHO model list of essential drugs, 
or as loose individual products. Recent reports from 
experiences with these kits from Bosnia-Herzegovina and 
Croatia are conflicting. A WHO evaluation concluded 
that recipients in this region preferred the kits, while 
another study of hospitals found that only 14% preferred 
kits and 70% preferred loose supplies (15). Comments 
from this survey regarding kits addressed the issue of 
discrepancy between the contents and the quantities of kits 
meeting actual needs. Some kit items were not needed, and 
therefore they had to be stockpiled or wasted, while others 
were not adequately supplied. The benefits of kits included 
the ability to prepackage and store kits for multiple uses, 
the easier operational handling, and lower expenses than 
those associated with custom-tailored deliveries (15). 


PACKAGING 


Poorly packaged and improperly labeled shipments may 
be contaminated or ruined. Pharmaceutical packages 
should be labeled with field conditions in mind. Supplies 
may have to endure the elements, and they may not 
be stored in the controlled conditions recommended. 
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VVeather-resistant labels in the local language, generic 
names, dosage form, quantities, expiration date, batch 
number, and special storage conditions should be listed. 
International coding (green for medical supplies and 
equipment, red for food, AND blue for clothing) should be 
used whenever possible (6,10,16). WHO guidelines state 
that drug packages should not be intermingled with other 
supplies (6). Occasionally, overpackaging is a problem. 
Hammers and screwdrivers should be adequate tools 
for opening packages; otherwise, the contents may be 
impervious to use (8). 


EXPIRATION OF PHARMACEUTICAL 
AGENTS 


Expired or soon-to-expire drugs are repeatedly seen in 
large international relief missions (7,10). Several prob- 
lems exist when considering the use of outdated drugs. 
Some drugs are not safe when expired. One notable 
drug in this category is tetracycline, which may result 
in nephrotoxicity. Expired products are widely regarded 
as therapeutically useless and possibly dangerous, and 
they create a sorting and disposal problem for people on 
scene at disaster sites. 

In Armenia, 8% (40 tonne) of the medications donated 
were past their expiration dates. One estimate found 12 
tonne of unnecessary or expired donations warehoused in 
Georgia. Nine tonne expired before or within 3 months of 
arrival (14). US pharmacists are taught that most drugs are 
safe and only slightly less potent beyond their expiration 
dates. The percentage of active compound remaining per 
unit of time beyond the expiration date is information that 
is not commonly available from pharmaceutical manufac- 
turers. If this information were more commonly available, 
standard procedures could be developed for the use of 
donated pharmaceutical agents during disasters. Current 
WHO and Pan American Health Organization (PAHO) 
guidelines forbid the sending of expired or soon-to-expire 
pharmaceutical agents to a disaster zone. 


PHARMACEUTICAL STORAGE 


Drug stability and storage requirements are issues that 
need to be addressed when considering drugs for use 
in disasters. Donated supplies must often endure the 
elements, and they are generally not stored in the rec- 
ommended climate-controlled conditions (8). After the 
Armenian earthquake, an estimated 4% of pharmaceu- 
tical agents, mostly intravenous fluids, vaccines, and 
injectables, were improperly deemed spoiled by the lo- 
cal health care providers upon arrival because of freezing 
in transport (10). No detailed information regarding the 
types of pharmaceutical agents destroyed in Armenia was 
available. While frozen storage with thawing before use is 


commonly practiced with certain pharmaceutical agents 
in US hospitals, multiple freeze-thaw cycles are unac- 
ceptable for many drugs. Frozen stability information is 
readily available. Perhaps with more education or more 
easily available information, some of these materials could 
have been salvaged. 

The extreme humidity of tropical countries may alter 
pharmaceutical stability. Packing with desiccants is rec- 
ommended for shipments bound for these regions (8). 
Biological products, such as insulin and some vaccines, 
do not tolerate temperature extremes or vigorous shaking 
motions without decomposition. Pharmaceutical stability 
should be considered by disaster planners and donors. 


IDENTIFICATION 
OF PHARMACEUTICAL AGENTS 


The identification of drugs is essential for their usefulness 
in a disaster. Proper packaging will help ensure that the 
labels remain on the items and that they are not defaced or 
damaged beyond recognition. Language can be acommon 
barrier in identifying what drugs are on hand. Drug 
shipments labeled in French, which was not a locally 
spoken language, that arrived in Sudan caused sorting 
difficulties (17). After the Armenian earthquake, none of 
the boxes of donated medical supplies were written in the 
local language, and very few were even written in Russian. 
Antibiotics with at least 238 different names labeled in 21 
languages were on hand. Only one-third were legible with 
the inclusion of the generic names (10). Moreover, 70% of 
the items were labeled with the brand or trade name only. 
Trade names for the same chemical entities often vary by 
country. Identifying a medication and its usage, among 
the thousands of products available, each with multiple 
names, was a tremendously difficult task that was further 
compounded by the fact that untrained persons did much 
of the sorting (10). 

Donations should be labeled and sorted according 
to the category of use (7). Pharmaceutical textbooks 
such as the Martindale cross-referencing international 
trade names were invaluable in Armenia, and they will 
facilitate the usage of international donations in future 
disasters as well (10). The identification of proper drug 
indications is essential for appropriate use, and, when it is 
lacking, patients may be harmed. For example, a donated 
veterinary antihelmintic medication was mistaken for an 
endometriosis treatment, and 11 Lithuanian women were 
temporarily blinded in 1992 (6). In Bangladesh, following 
a cyclone in 1991, the oversupply of metronidazole was 
thought to contribute to its use for the widespread, 
inappropriate treatment of some diarrheal illnesses (18). 
Appropriate references or readable product package 
inserts should accompany international donations. Some 
agencies have advocated that reference works, such as 
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the American Hospital Formulary Service (AHFS) drug 
information, which is updated annually, be included 
in each box of pharmaceutical supplies, especially in 
packages bound for areas that may not be as familiar with 
western products and terminology (19). Pharmaceutical 
agents cannot be used to help the intended disaster victims 
if they cannot be accurately identified in a timely manner. 


DETERMINING PHARMACEUTICAL 
NEEDS 


Several factors influence the pharmaceutical needs of a 
disaster-stricken area. The type and phase of the disaster 
often dictate what medicines are needed. Epidemiological 
patterns of diseases of the region in crisis and common 
sense as to the relevance of pharmaceutical supplies being 
sent to a disaster site must also be considered to meet 
needs while avoiding wastage. The local level of health 
care and standard treatments should be considered. Con- 
ditions influencing or enhancing communicable diseases 
are also important considerations. Any assessment data 
or requests from the recipient regarding needs should be 
strongly considered. The combination of the previous fac- 
tors in decision making will lead to improved response 
and relief efforts. 

Hazardous materials are a potential problem during 
disasters. Hazardous material teams may be a valuable 
resource for planning, decontamination, and treatment in 
such situations. Ideally, known antidotes, treatments, and 
protective agents should be stockpiled in advance. This 
need for advance placement was demonstrated during the 
1979 incident at the Metropolitan Edison nuclear generat- 
ing station at Three Mile Island. The threat of the release 
of a large volume of highly radioactive fission products, 
including iodine-131, sent federal agencies scrambling to 
provide emergency assistance. Providing enough potas- 
sium iodide for a 10-day supply for 250,000 families in 
the area took more than $400,000, and the U.S. Food 
and Drug Administration’s (FDA) Bureau of Drugs, two 
midwestern drug companies, an east coast bottle dropper 
manufacturer, two state police forces, the Pennsylvania 
Health Department, the Nuclear Regulatory Commission, 
and the Department of Defense, (20) 72 hours of time. 

Immediately following the impact of a disaster, each 
city must depend on its own resources. International or 
large-scale domestic relief takes a minimum of 24 to 
72 hours for organization, transport, and distribution to 
the disaster site. Usually drugs sent for the rescue phase 
of a disaster do not arrive until days to months after the 
recovery period begins (7,8,10). Blood and plasma prod- 
ucts from outside sources usually arrive too late (7). Even 
very rapid aid from outside the disaster zone will have a 
minimal effect on early deaths and casualties (5). The lo- 
cal or regional area must supply the pharmaceutical agents 


that are used for the rescue phase of most disasters. Disas- 
ters in more populated, developed regions usually do not 
overwhelm the regional supplies for the rescue phase. In 
fact, no country in either of the American hemispheres is 
likely to run short of all essential pharmaceutical agents 
early in a disaster response. However, assessment, com- 
munications, and distribution logistics are still barriers to 
immediate medical care. When disasters are large enough 
to require outside assistance, the needs are usually for pri- 
mary care medicines (21). 

In the recovery phase of a disaster, victims may 
have difficulty accessing physicians and pharmaceutical 
services for ongoing medical care because of the loss of 
the medical infrastructure. At the same time, pharmacists 
and physicians may not have access to patients’ medical 
records. Primary care of acute and chronic conditions 
is the mainstay of health care relief efforts during the 
recovery phase of any type of disaster (16,21,22). Endemic 
illnesses unique to each region should be considered 
when planning or requesting pharmaceutical agents (7). 
Epidemiological surveillance programs will assist in fine- 
tuning the need for specific pharmaceutical agents. Such 
a survey 2 months after Hurricane Georges in the 
Dominican Republic resulted in improved nutritional 
support and medical treatment for persons in shelters (23). 

Examples of drugs being sent to the stricken region 
even though they are epidemiologically inappropriate 
are common. Chloroquine and metrifonate were sent to 
Armenia in 1988 following the earthquake, even though 
malaria is not endemic to this region. Eleven percent (550 
tonne) of medicines sent to Armenia were found to be 
useless, while another 21% (1,050 tonne) were not useful 
for the recovery phase (10). 

Often, the drugs sent are not indicated for the particular 
medical problems generated by the disaster. Pharmaceu- 
tical agents that are often found to be unnecessary in 
disaster response include vitamin preparations, inappro- 
priate immunizations, and nasal sprays. X-ray prepara- 
tions were shipped to the southern part of Sudan in 
spite of the fact that x-ray machines were not available. 
Monoamine oxidase inhibitors sent to the same region 
interacted with the staple diet in Sudan, which includes 
various beans and fermented maize; and few people there 
had any use for contact lens solution. Antihyperlipidemics 
and appetite stimulants were not applicable to the starv- 
ing casualties needs (6,17). General medical and chronic 
care pharmaceutical agents are the mainstay of such relief 
efforts (16,21,22). 

Most disasters are not followed by an increased inci- 
dence of infectious diseases. Experience has shown that 
public health measures are more effective than massive 
postdisaster immunization in limiting diseases (5,24). In 
general, infectious diseases are not likely during the ini- 
tial stage of sudden impact disasters, such as a tornado 
or an earthquake; but they are likely when a disaster 
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leads to overcrovvding and a break in public health prac- 
tices (4). For example, decreased compliance vvith health 
regulations and quarantines following the 1907 San Fran- 
cisco fire led to a plague outbreak. Crowding and water 
contamination have led to documented increases in in- 
fluenza, malaria, salmonella carriers, typhoid, hepatitis, 
gastroenteritis, measles, and respiratory infections fol- 
lowing disasters in the 20th century (5,24). 

Massive vaccination efforts following disasters, par- 
ticularly typhoid immunizations, have been a popular 
disaster relief response. These efforts have been criticized 
as a waste of resources by several authors (5,24). The ef- 
fectiveness of mass typhoid immunization programs has 
not been studied (5). Generally, current thinking is that 
large-scale vaccination programs after disasters are not 
warranted. Instead, immunization programs should be 
targeted at certain high-risk groups, such as the elderly 
and chronically ill, in crowded conditions. These groups 
may require vaccinations against measles, influenza, pneu- 
mococcus, and Haemophilus influenza. Groups exposed to 
outbreaks of known communicable diseases, such as Neis- 
seria meningitis, may also benefit from immunization. 
Children and adults suffering from malnutrition, particu- 
larly those with vitamin A deficiency in refugee camps, are 
at risk for increased susceptibility to measles outbreaks; 
they should be vaccinated under these circumstances (25). 
Maintaining routine vaccination programs in place before 
the disaster is important, and efforts should be made to 
supply these programs (24). Refugee populations in under- 
developed nations are deficient in immunizations against 
measles, diphtheria, pertussis, tetanus, and polio (18). 

Another group needing consideration for vaccinations 
are relief workers themselves. Workers should have 
appropriate vaccinations before arrival in the region, as 
well as chemoprophylaxis for malaria in endemic regions. 
Immunization guidelines are available from WHO and the 
CDC. The CDC provides weekly updates of recommended 
vaccinations on the basis of predominate endemic agents, 
and current recommendations should be followed before 
departure when possible (24). 

Pathogens expected in a region after disaster are gener- 
ally the same as those before the disaster as new organisms 
rarely emerge (4,24). A population may be more suscepti- 
ble to the usual pathogens after disaster because of factors 
such as malnutrition, environmental stress, injuries, inter- 
ruption of treatment of chronic diseases, contamination 
of water supply and food storage facilities, and crowding 
leading to increased exposure to respiratory pathogens. 
However, new pathogens have been introduced to regions 
by relief workers following disasters. For example, 35 cases 
of malaria in Colombia following the 1983 earthquake 
were thought to have been a result of the organism having 
been brought in by a relief worker (24). Good health and 
appropriate chemical and immunological prophylaxis of 
the relief workers before departure will help protect both 


the disaster casualties from imported pathogens and the 
rescuers from endemic diseases. 

Soft tissue injury is a prominent complaint follow- 
ing many disasters. Many of these injuries occur during 
recovery operations. Diphtheria and tetanus vaccines are 
in high demand, and the local stocks are often quickly 
depleted. This was one of the most commonly used phar- 
maceutical items on St. Croix following Hurricane Hugo 
and in Oklahoma City following the bombing (26,27). 

Antimicrobial agents considered as first-line agents 
include penicillin, macrolides, first-generation cephalo- 
sporins, and trimethoprim/sulfamethoxazole (24). Fol- 
lowing the destruction of St. Croix by Hurricane Hugo 
in September 1989, disaster medical assistance teams 
found dicloxacillin to be the most commonly prescribed 
outpatient antibiotic, and parenteral cephalosporin was 
the most commonly prescribed inpatient antibiotic (26). 
Antibiotics were the most frequently mentioned supply 
problem during the Bosnia and Croatia conflict in 1994 
to 1995, with cephalosporins being mentioned most of- 
ten (15) among them. Intramuscular administration is 
preferred because intravenous infusion requires equip- 
ment that is not always available (24). 


PHARMACEUTICAL SUPPLY 
REQUIREMENTS 


Sudden reductions in available medical resources com- 
monly occur after disasters. Following Hurricane Andrew, 
one report of 1,500 patient encounters in a field hospital 
found that all supplies of tetanus toxoid, antibiotics, and 
insulin were depleted within 24 hours. Replacement of 
basic pharmaceutical supplies and refill medications were 
the most pressing medical care problems (16). Of 1,544 
patient encounters seen at this Homestead field hospital, 
only 5 were injuries resulting directly from the hurri- 
cane; 285 cases were injuries associated with cleanup, 
and 1,254 visits provided routine care (16). After Hur- 
ricane Iniki struck Kauai, Hawaii, in September 1992, 
disaster medical assistance teams found that 99% of their 
patients were ambulatory with minor injuries (40.4%) 
and illnesses (38.6%) or preventive service (9%) needs. 
Only 5.4% of these patients were referred to fixed facil- 
ities; most patients had non-life-threatening conditions. 
The conclusions were that, in this setting, teams need 
to be prepared for the provision of primary health care 
extending beyond the impact phase of a hurricane (21). 
Similar patterns have been reported following Hurricanes 
Frederick, Elena, Gloria, Hugo, Andrew, and George, and 
seem to be holding true for Katrina and Rita (21,23). The 
need for basic medical care after any type of disaster that 
reduces local medical resources or destroys the medical 
infrastructure is the mainstay of medical disaster relief 
efforts (26). The disaster itself may lead to only a modest 
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increase in direct injuries. Pharmaceutical inventories of 
relief supplies should be directed toward meeting this goal 
of provision of primary care. 

Disasters may require the mass evacuation of people 
from their home region, thereby denying medical care 
to victims and leaving them dependent on relief help. 
During Operation Fiery Vigil, more than 20,000 military 
dependents were evacuated from Clark Air Base in the 
Philippines to Guam following the eruption of Mount 
Pinatubo. Of the 20,000 evacuees, approximately 2,500 
needed medical care during the evacuation. Some medical 
problems, such as sunburn, dehydration, and motion 
sickness, were associated with the evacuation operation. 
However, most pharmaceutical agents dispensed were for 
routine and chronic medical diagnoses (28). 

Large-scale civil unrest may also result in the sudden 
disruption of the available basic medical resources to 
a population. After the Los Angeles riots in April 1992, 
many inhabitants of the region had difficulty obtaining or 
maintaining primary health care needs. During 5 days 
of civil disorder, 53 people died, 2,325 were injured, 
and 248 were admitted to hospitals. At least 38 private 
medical and dental offices, 15 county health centers, 45 
pharmacies, 20 drug and alcohol centers, and multiple 
Women, Infants, and Children (WIC) program vouchering 
sites were destroyed or disabled as a result of the 
riots (29). Although regional medical resources were not 
overwhelmed and hospitals remained open, many persons 
suffered loss of basic health care services. An estimated 
20,000 patients lost services and records. Most pharmacies 
and health care providers in the riot area did not reopen. 
County health authorities intervened by offering relocated 
facilities to house private care providers; they also filled 
prescriptions and maintained methadone supplies where 
needed. Public health agencies were recommended to 
include the provision of basic pharmaceutical agents in 
their disaster planning activities (29). 

Pharmaceutical agents used in disasters vary between 
countries and disasters. Using drugs that are familiar to 
the local providers is important for providing optimal 
care and preventing medication errors. While the indi- 
vidual agents used may vary by international location, 
the same therapeutic categories are repeatedly found to 
be useful. Antibiotics, tetanus toxoid, insulin, analgesics, 
cardiac medications, anticonvulsants, rehydration fluids, 
cold preparations, and contraceptives are commonly men- 
tioned. Additional therapeutic categories of disaster med- 
ical assistance team formularies include advance cardiac 
life support, antidiarrheal agents, antiemetics, antihyper- 
tensives, anti-inflammatory agents, bronchodilators, intra- 
venous solutions, oral electrolyte solutions, baby formula, 
muscle relaxants, and steroids (26). Sending complex 
drugs to disaster zones should be avoided. Local physi- 
cians are not familiar with their use, and, therefore, such 
drugs cannot be maintained after relief workers leave (7). 


Pharmaceutical manufacturers and wholesalers in many 
countries have readily available lists of the several hun- 
dred, top-selling drugs dispensed in various regions. These 
lists may assist in tailoring supplies of locally familiar 
drugs from each therapeutic category needed. 


DISPENSING PHARMACEUTICAL 
AGENTS 


Some difficulties in dispensing medications following a 
disaster are unavoidable. Three problems typically seen in 
regions struck by natural disaster are the lack of electrical 
power, appropriate stocks of medications, and narcotic 
security (22). The lack of electricity and telephone ser- 
vice will put a modern pharmacy out of normal operation. 
Pharmacists may be unable to contact physicians to au- 
thorize prescriptions or to access patient records to refill 
current medications. The state boards of pharmacy should 
have plans to communicate to pharmacists what they may 
legally do to serve the public needs during disasters. 

In previous domestic disasters, such as floods, hurri- 
canes, and tornadoes, pharmacists have used professional 
judgment to dispense sufficient quantities of medication 
to patients until the records and prescribers could be ac- 
cessed. Lists of medications dispensed should be kept, 
compared, and added to patient records as soon as possi- 
ble. Narcotics dispensing should be kept to a minimum. 
When pharmacies are physically damaged or are in tem- 
porary locations, narcotics need to be relocated to secure 
areas during nonoperating hours (22). 

The relocation of a pharmacy to a temporary site or 
the deployment of a pharmacy with a field unit within the 
United States requires compliance with state laws. Such 
requirements should be part of the planning procedure 
for each organization. The physical requirements for 
a pharmacy during a disaster (such as running water 
and temperature control) need to be addressed by the 
board of pharmacy of each state. Packaging and labeling 
requirements may also be difficult to meet after a disaster. 
Small zipper-lock plastic bags with labels that can be 
written on with pen or pencil are helpful for dispensing 
individual prescriptions. These bags are easy to pack and 
transport, they are lightweight, and occupy less space than 
traditional prescription vials (1). 

Countries in need of international disaster relief should 
make provisions for and clarify the status of license 
requirements within their borders during disaster to en- 
courage assistance from international relief providers (8). 
Pharmacists have adapted well to working in field sit- 
uations as a constructive part of the health care relief 
effort. After Hurricane Andrew, seven clinical pharmacists 
worked in temporary medical sites with pharmacy stock 
consisting of donated drugs. The pharmacists played 
an integral role in providing information to physicians 
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regarding the limited pharmaceutical agents available, 
therapeutic substitutions, dosage conversions, and nevv 
medications. Prescriptions were frequently dispensed only 
with verbal orders. In addition, instructions to patients 
were commonly verbal. In some cases, language barri- 
ers provided significant obstacles to communications and 
patient counseling (30). 


PERSONNEL CONSIDERATIONS 


Personnel available during disasters will vary significantly 
between countries and disasters. Individuals with phar- 
macy or medical training may facilitate the sorting of 
donated pharmaceuticals in large disaster relief efforts. 
In Armenia, many medical personnel had been killed 
and the sorting of massive quantities of inadequately la- 
beled pharmaceutical donations was slowed by the use 
of completely untrained persons (10). In other disasters, 
such as the Guatemala earthquake and Operation Fiery 
Vigil, the expanded use of pharmacy students and techni- 
cians helped to provide faster sorting and dispensing of 
supplies (7,28). In domestic disasters such as Hurricane 
Andrew and in the aftermath of tornadoes and floods, 
using pharmacists with the legal flexibility to use profes- 
sional judgment and provide needed medications, as well 
as lifting the requirements for written labels, is recom- 
mended (16,22,30). Pharmacy personnel have proved to 
be a valuable resource, and they should continue to be 
included in disaster planning and response. 


SUMMARY 


Pharmaceutical supply and donation remain critical el- 
ements of disaster medical relief. Historically, disasters 
attract large pharmaceutical donations, both solicited and 
unsolicited, often in proportion to media coverage of the 
event. Difficulties with drug donations are frequently en- 
countered, including massive quantities and improperly 
labeled, packaged, expired, and unsorted pharmaceuti- 
cal agents. Serious problems of identification, sorting, 
and logistics are often encountered. Items are often in- 
appropriate for the type or phase of the disaster and 
the endemic diseases of the region. Local health care 
providers may have no knowledge of the appropriate uses 
for many of the donated pharmaceutical agents. Many of 
the agents may not be replaceable when relief supplies 
are exhausted. Narcotics handling and dispensing may be 
problematic. Education regarding the problems and solu- 
tions concerning the use of pharmaceutical agents during 
disasters should be a standard part of the disaster health 
care provider’s curriculum. Better anticipation of needs 
on the basis of epidemiological data of experiences and 
improved field disaster assessment will provide enhanced 
medical care during future disasters. 
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Critical Incident Stress 


Neill S. Oster and Constance J. Doyle 


The work had been chaotic and difficult, but a focus 
on the job and the training we had carried us through. 
The images of death and suffering forever imprinted in 
our minds and hearts, we now gathered in a classroom 
across the hall from the Emergency Department. In this 
room, strong men and women held each other and wept 
as little children. 
D.E. Hogan: discussing the “Lubys Mass Shooting” 
of 1991 


Critical incident stress (CIS) problems are often worse 
than the physical injuries because they affect essentially 
100% of the population at risk. It has been said that no 
one who witnesses a disaster goes untouched. Critical 
incidents disrupt the casualties’ sense of control as 
they are forced to abruptly alter their daily standard 
operating procedures; emotional reaction replaces the 
calm of everyday life. Long after the physical injuries 
from a disaster have mended, communities continue to 
deal with the psychoemotional results of the event. These 
problems outlast those of physical destruction, and may 
affect individuals for the remainder of their lives (1). 

The focus of medical disaster planning is usually on the 
immediate surgical and medical needs of the casualties. 
Little attention may be paid in planning emotional 
and psychiatric support. The emergency medical service 
(EMS) is a trauma-oriented system where fewer than 3 to 
5 hours of training in the average EMS training program 
is devoted to mental health issues. This tends to result in 
triage systems that often fail to identify patients with high 
risk for or evidence of CIS early in the response phase. 
This is further complicated by the fact that CIS is often 
difficult to distinguish from physical ailments. 

Each disaster creates emotional trauma casualties; 
however, unlike those affected by physical trauma, ca- 
sualties of CIS may be affected without being physically 
present at the time of the disaster. The degree of involve- 
ment of an individual in a traumatic event stratifies his/her 
level of risk for the development of CIS. Some authors 
have divided casualties into the following three categories 
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based on the likelihood of CIS: primary, secondary, and 
tertiary. Primary casualties are those who were at the site 
of the disaster. These individuals may have both physical 
and emotional injury from the event. Secondary casual- 
ties are the noninjured rescue workers in whom symptoms 
may develop and who are often at high risk for emotional 
trauma. Tertiary casualties are the relatives, friends, and 
witnesses to the event, even those who have viewed the 
trauma remotely through the media and who have not 
suffered physical trauma, but are nonetheless affected. 


DISASTER PHASES IN MENTAL HEALTH 


Disasters have a series of well-described phases; the nature 
of the emotional response exhibited by the population 
exposed to a disaster can be correlated with these 
phases. Interventions for stress and mental health must 
be appropriate to the phase of the disaster. 


The Warning Phase 


The warning phase starts with the notice that the disaster 
is impending—if such a warning is possible. Anticipation 
of the upcoming event causes elevated stress, promoting 
symptoms of anxiety. Not all disasters have well-defined 
preimpact or warning phases; for those that do, specific 
stress patterns and emotional responses will be observed. 
Most individuals will develop some degree of anxiety; 
others will proceed with a level of denial that is consistent 
with their ability to cope. In congruence with these 
emotional responses, some individuals will take varying 
degrees of protective action whereas others will continue 
to operate in a state of denial. If there is an underlying 
mental health pathology, it may be exacerbated. 


The Impact Phase 


The impact phase begins when maximal and unavoidable 
direct physical stress occurs. According to various studies, 
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up to 25% of individuals will remain calm and functional, 
75% may be temporarily stunned into inaction, and 
12% to 25% may exhibit inappropriate behavior, such 
as confusion, anxiety, or hysteria (2). Panic is relatively 
uncommon during disasters, but may be provoked in 
circumstances such as being trapped in crowded subways, 
buildings, and train stations, and during acts of terrorism. 
It is important to note that although most disasters have 
a brief episode of impact, conflict-related disasters, where 
there are repeated periods of impact, cause significantly 
higher levels of stress and dysfunction. 


The Recoil Phase 


During the recoil phase, the stress subsides. More than 90% 
of the stunned casualties will have a return of awareness. 
They may become conscious of recent events and may 
start to express emotions verbally for the first time. Being 
able to verbally express what happened is one of the most 
important markers for the start of healing. 


The Recovery Phase 


As time passes and the disaster moves into the postim- 
pact or recovery phase, individuals experience stress from 
the primary and residual effects of the disaster. Grief, de- 
pression, post-traumatic stress disorder (PTSD), psycho- 
somatic complaints, and other varied responses manifest 
themselves. In large group studies in Israel, where there 
are significant continuing terrorist activities, it has been 
found that as many as one out of five traumatic event 
survivors experiences long-term sequelae (3). 


CRITICAL INCIDENT STRESS 


CIS, also known as acute stress disorder or human stress 
reaction, occurs shortly after the traumatic event and is 
characterized by feeling emotionally numb, being in a 
daze, derealization, depersonalization, perseveration on 
the event, and sometimes amnesia to the event or to 
things surrounding the event. It typically lasts from 2 days 
to 4 weeks, but if it lasts significantly longer than 1 month 
then the terminology changes and it is called PTSD. In 
50% of those affected, PTSD resolves in 3 months, but it 
may become chronic with fluctuations of symptoms (4). 
There is a full discussion of PTSD later in this chapter. 
The most significant risk factor for the development 
of CIS is direct or indirect involvement with a traumatic 
event (5). A critical incident is defined by the Diagnostic 
and Statistical Manual of Mental Disorders, Fourth Edition 
(DSM-IV) as any significant emotional event that has the 
ability to produce unusual distress in a normal healthy 
person (6). Expression of CIS is a normal reaction 
to an abnormal event. By virtue of the uniqueness of 


their professions, rescue workers, emergency medical 
technicians, firefighters, law enforcement officers, nurses, 
and physicians are at high risk for the development 
of CIS. Studies have looked at the increased stress 
levels in these high-risk groups and consistently reported 
increased cardiovascular disease; increased levels of stress 
and stress-related disorders; and higher rates of divorce, 
alcoholism, drug abuse, and suicide when compared with 
the general population (7-10). 

The population suffering from a disaster may be con- 
sidered to be under massive collective stress. Essentially, 
everyone involved with the disaster will develop an emo- 
tional response or CIS. This stress will result in specific 
types of symptoms. The vast majority of persons will 
recover from their symptoms spontaneously with little 
more than a sympathetic listener. Because of this, disas- 
ter mental health assistance is often more practical than 
psychological, focusing on normalizing feelings. 

Some authors indicate that problems associated with 
this stress are really an adaptive failure on the part 
of the individual under stress, but most feel that such 
an approach detracts from the individual’s need for 
assistance (5). A number of factors influence the degree to 
which symptoms will develop after a disaster. The degree 
of community awareness and support, including family 
support, has a great impact on the degree of reaction 
expressed by the casualty. People with proactive, problem- 
solving personalities generally do better following a 
traumatic event (5). Groups that are more vulnerable 
to CIS include women and those with a preexisting 
psychological disorder such as major depression (4). 
Some studies have suggested that elderly casualties suffer 
significantly more, but more recent investigations have 
cast doubts on this finding and in fact have suggested 
that the elderly may do somewhat better than some age- 
groups (11). Child casualties are complex because they 
understand differently and are distressed by the different 
aspects of a disaster based on their age. It is known 
that prior exposure to disasters will modify the emotional 
response to disaster stress, and the life experiences of a 
person will also influence their response. It has been said 
that “if a responder went into an event with baggage, he 
will come out with baggage (12).” 


CRITICAL INCIDENT STRESS 
MANAGEMENT 


The rescue and recovery phases of the World Trade Cen- 
ter bombing in New York, the Alfred Murrah Building 
bombing in Oklahoma, and the TWA flight 800 disaster on 
Long Island have employed a mechanism for understand- 
ing and decompressing the traumatic psychological effects 
that followed these devastating events. This mechanism is 
known collectively as critical incident stress management 
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(CISM), and it has been used more than 400 times in the 
last decade (13). CISM is an integral component of the 
finely tuned Israeli response to terrorist events (3). CISM 
assesses the large picture surrounding a critical incident 
by observing and noting what the event entailed and how 
people were affected. It is a comprehensive look at the 
emotional and psychological status of the survivors, wit- 
nesses, and first responders. CISM attempts to expedite 
recovery in a population suffering from the psycholog- 
ical effects of short-term critical incidents. It has been 
shown to shorten the recovery process from acute stress, 
to decrease associated health disorders, and ultimately to 
improve job satisfaction and performance (14-16). Dis- 
aster casualties are often reluctant to seek mental health 
service or facilities on their own, but it is crucial to keep 
in mind that early intervention is much more favorably 
accepted by survivors and more useful in preventing long- 
term sequelae than delayed care (3). 


Critical Incident Stress Debriefing 


Critical incident stress debriefing (CISD), now called 
CISM, is a formal process of trying to resolve the emotional 
content of an incident to prevent PTSD. In all models 
of CISM, the systems designed involve facilitators with 
formal training in crisis interventions, often utilizing 
those with expertise from the emergency and disaster 
services. The focus in CISD is on normal people with 
normal reactions to an abnormal situation, rather than on 
abnormal psychology (17). 

CISM teams often include at least one mental health 
professional. In some models of CISM teams, peer coun- 
selors are used either as a sole facilitator of the process 
or they work in conjunction with a mental health pro- 
fessional (17). Peer counselors consist of formally trained 
peers of emergency responders. Mitchell proposes that the 
use of peers promotes a better rapport between the de- 
briefers and the casualties because they have an intimate 
understanding of the work conditions experienced by the 
responders (18). In Mitchell’s model, the team comes from 
outside the area or institution that is holding the debrief- 
ing. Those from the same institution are believed to be too 
involved to debrief friends and coworkers. Small critical 
incident groups may require only one individual to de- 
brief the event successfully; larger events, however, may 
require several mental health providers, with or without 
peer counselors, to debrief those who were involved effec- 
tively. It is important that the CISM team stays with the 
group that they are debriefing until the process is com- 
plete. The “butterfly syndrome,” where providers flit from 
one patient to another, can cause additional psychological 
trauma to casualties who are already on shaky emotional 
ground (3). 


Phases to a Formal Debriefing 


Six phases are present in a formal debriefing. In the in- 
troductory phase, a facilitator makes the appropriate in- 
troductions and explains the purpose and goals for the 
debriefing. During the fact phase, participants introduce 
themselves and describe what their role in the event was. 
Emphasis is on description only, not on a critique of per- 
formance. Multiple responders would have performed var- 
ious tasks and participated at different locations; therefore, 
recall and descriptions of the event will vary depending 
on the individual’s role. This process can help all partic- 
ipants gain insight into the big picture of the event. In 
the feeling phase, group participants discuss their feelings 
about the event; this is followed by the symptom phase 
in which participants are asked about their physical and 
mental symptoms and they analyze their stress-response 
reaction. In the teaching phase, the facilitator describes 
what symptoms the group should look for both in them- 
selves and when they are evaluating others. The formal 
debriefing ends with the reentry phase, when a facilitator 
gives final assurances and a follow-up plan including when 
to meet again and possible referrals for individual therapy. 
Inasense, this is mental health triage. Other methods used 
one-on-one included listening and debriefing, and normal- 
ization of the person’s feelings and reactions. 

Training skills for paraprofessionals and professionals 
include skill development, active listening, questioning, 
and support and encouragement. Help with personal prob- 
lem solving and crisis intervention, and active listening are 
the skills needed by mental health professionals who are 
involved in this work. 

Data have demonstrated that early intervention in CISM 
has decreased the emergence of PTSD. Studies on firefight- 
ers revealed that 17% experienced PTSD symptoms versus 
a 3% prevalence in the general population (19). Firefight- 
ers who were involved in four critical incidents in 1 year 
were found to be 150 times more likely to develop PTSD. 
Conversely, the same firefighters were 40% less likely to 
experience psychiatric disorders if family, peer, or super- 
visory support networks were available (19). 


Critical Incident Defusing 


Following a critical incident, some individuals may suffer 
severe emotional distress as a direct result of that incident. 
Such individuals need urgent or emergent assistance; for 
them, waiting 24 to 48 hours would be inappropriate. 
Critical incident defusing is an abbreviated version of 
CISM, and it takes place as soon as possible after the 
critical incident is finished. The process typically lasts less 
than 1 hour, and it is designed either to eliminate the 
need for a formal CISM or to enhance the CISM if one 
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is to take place. The following three components make 
up the critical incident defusing process: introduction, 
exploration, and information. The leader may be a peer 
support person or a professional support person from 
the CIS team. Defusing is not to be confused with 
providing true psychological counseling to those whose 
emotional distress is intolerable. Providing true mental 
health assessments is often difficult or impossible at 
disaster sites secondary to confidentiality problems due to 
limited space. In these cases, it is often more appropriate 
to have responders suffering acute stress reactions leave 
the site and receive assessment and intervention elsewhere 
in a more confidential environment (12). 


Prebriefing 


After a disaster or large-scale mass casualty that has a long- 
lasting recovery, prebriefing, also known as stress inocu- 
lation, has emerged as a way of proactively managing CIS 
and was used effectively following the World Trade Center 
attacks in 2001 and in Spain after the train bombings in 
2004. It is historically based on the prebriefing given by 
helicopter pilots in Vietnam and involves contact between 
incoming and outgoing shifts of responders in scenes that 
are likely to cause CIS (dead or injured children, large 
number of bodies or body parts, etc.). The outgoing re- 
sponders give as detached a picture of the scene, as they 
are able to, describing what they see, smell, hear, and so 
forth. This appears to help both the oncoming team func- 
tioning and stress level at the scene, and the outgoing team 
to start verbalization, and therefore heal (12). 


Demobilization 


After a disaster or a large-scale mass casualty incident, 
interventions should be provided to bridge the transition 
from the traumatic event to the day-to-day world. These 
interventions typically last approximately 10 minutes; 
during this time, discussions of critical stress and signs 
and symptoms take place, and suggestions for coping 
are given. One-on-one contact may occur at this time if 
individuals wish to talk. 


DEVELOPING A CRITICAL INCIDENT 
STRESS DEBRIEFING TEAM 


It is highly important to consider CISM in planning event 
response and to keep in mind the needs of nontraditional 
responders who may not have CISM resources available. In 
the last decade there has been widespread cultural change 
in terms of how CIS is handled, and most areas/response 
groups now have a CISM team (12). These teams are 


developed and maintained by a variety of institutions and 
jurisdictions. Teams are generally staffed by volunteers, 
although the expenses are often charged to the entities 
requesting debriefings. A mobilized team that is not part 
of the involved system will usually require support, such 
as office space, bookkeeping, and recordkeeping; some 
form of dispatch; and a communications network. Work- 
release agreements with employers are usually discussed 
in advance in case work time is needed. Planning 
for emergency operations at a disaster site, tactics to 
handle the media, communications strategies, and death 
notification protocol must be established in advance (20). 

Team meetings are set up periodically to plan activities, 
discuss strategies, and provide training and educational 
updates. Team members need training in CISM or other 
CIS processes. Periodic training courses in both basic 
and advanced CISM methods are available around the 
country. Training includes education on stress recognition 
and management, debriefing guidelines, group dynamics, 
and the formal processes of a CISM (21). The team must 
also research community resources and referrals for those 
who need in-depth debriefing and therapy. Each team 
functions independently. Formally trained CISM teams 
generally follow the guidelines of the program developed 
by Mitchell. Although other forms of critical incident 
debriefing exist, they are loosely organized and not as 
well accepted as Mitchell’s procedures. The International 
Critical Incident Stress Foundation serves as a resource 
for both formal CISM groups and others involved in 
debriefings. 


Continuous Quality Improvement 
in Team Development 


A critique is held after each debriefing by the team 
members who are involved in the debriefing. Teams are 
expected to do some follow-up on group members to 
assure that the basic goals have been met. Follow-up is 
loosely arranged, and it may vary from team to team. 
Worksite visits, telephone calls, referrals, meetings, and 
educational programs are acceptable follow-up. To date, 
no formal continuous quality improvement or outside 
peer review of teamwork exists. Data are neither collected 
from these sessions nor are they independently reviewed, 
partly because of confidentiality concerns. Those who 
participate in the group debriefing sessions are cautioned 
that the entire session is confidential, and that the privacy 
of the individuals who attend must be protected by all. 
Indeed, in some cases of crises, managers may want 
to use material to critique a participant’s performance 
at the crisis—hence, the need for confidentiality. Some 
discussions regarding methods and results during recent 
disaster debriefing sessions are conducted in a general 
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manner at the annual meeting of the International Critical 
Incident Stress Foundation. This allows members to learn 
from past events. 


Process 


Formal training in CIS includes course work in basic 
and advanced CISM concepts, crisis intervention, and 
normal psychology (18). An introduction is made to the 
characteristics of disaster and emergency services and the 
demands and stresses of working at a critical incident 
site. Training includes team formation and evaluation, the 
formal processes in debriefing techniques, public health 
issues, and physical and emotional reactions to stress. 
Deployment of a CISM team occurs at the request 
of the entity or institution that is involved in a critical 
incident. Groups to be debriefed may vary from casualties 
of the crisis, families or friends, and rescue workers, 
including some who may not have been on the scene such 
as dispatchers. At a local level, emergency departments or 
other locations ina health care facility may need debriefing 
after unusually intense events. Some thought has been 
given recently to the periodic debriefing of emergency 
personnel because of the repeated small traumas and the 
large number of verbal and other assaults that they endure. 


Organizing a Stress Management 
Program 


If organizations such as regional health care groups, 
public health groups, hospitals, and EMS systems are 
committed to prevention programs, orientation and in- 
service teaching time can be dedicated to these important 
issues. Programs endorsed by the administration send a 
strong message to the staff on the importance of stress 
management (22). If expectations for employee and pro- 
fessional wellness are set from day 1, job satisfaction and 
attrition rates are lower. Some professional organizations 
have embraced wellness concepts and have included stress 
management and CIS programs as part of their profes- 
sional curricula. The costs of employee hiring and training 
and attrition of trained personnel must be weighed when 
considering these programs. 


POST-TRAUMATIC STRESS DISORDER 


In the late 1800s, Janet described a breakdown of nor- 
mal adaptation, information processing, and action that 
resulted from overwhelming trauma (13). This breakdown 
was also noted to occur with reexposure through thought 
or dreams that were termed as automatic emotional and 
physical fixation to the trauma. Pavlov demonstrated the 
chronic changes in the autonomic nervous system that oc- 
curred in response to repeated traumatic exposure (13,23). 


) TABLE 7-1 Risk Factors for Post-Traumatic Stress 
Disorder Development after Disasters 


Intense exposure to death and injury 
Exposure of survivors to dead bodies 
Overwhelming life-threatening danger 
Unexpected or first exposure to disaster 
Intense initial phase (prolonged stress) 
Man-made disaster with no warning 
High impact ratios 

Dependence on outside agencies 
Exposure to prolonged stress 


Soldiers in World War I developed an autonomic syn- 
drome known as soldier’s heart. The term shell shock 
was given to the soldiers to describe the effect of repeti- 
tive bombings and the ensuing neurotrauma (13,23). To- 
day, these symptoms are termed as PTSD. The DSM-IV 
lists PTSD under anxiety disorders with a definition of 
“... when a person experiences, witnesses or is otherwise 
confronted by an event threatening death or serious in- 
jury to self or another person; and when the response 
involves intense fear, helplessness or horror” (6). Predic- 
tors of PTSD include the severity of the event, on-scene 
involvement, prior traumatic exposures, prior psychiatric 
disorders, and a lack of CISM. These risk factors are sum- 
marized in Table 7-1. PTSD is known to be comorbid with 
other disorders, such as anxiety, mood, substance abuse, 
depression, and possibly psychotic symptoms (1,23,24). 


Time Course 


The development of PTSD may be delayed from 1 week to 
30 years, and it is divided into three stages. Stage 1 is as- 
sociated with an adrenergic surge that occurs acutely, but 
persons rarely dwell long term on the incident. It may last 
up to 1 month, and if symptoms last more than 6 weeks, 
the patient is considered to have entered stage 2. Stage 
2 is characterized by a sense of helplessness and a loss 
of self-control. Autonomic and somatic manifestations 
dominate. Moreover, it is accompanied by lifestyle and 
personality changes. Stage 3 is characterized by profound 
despondency and demoralization (6). 


Prognosis 


Overall, the majority (70%-90%) of patients with PTSD 
do well (25). Thirty percent recover rapidly, 40% manifest 
mild symptoms, 20% manifest moderate symptoms, and 
10% do not recover or get worse. Patients with a good 
prognosis are those with a rapid onset and a short duration 
of symptoms (26). These people usually have a strong 
social support network, and they also have participated 
in one form of CISM. Sixty percent of the casualties 
(an estimated 5,500 people) from the Tokyo subway 
sarin disaster claim that they suffer ongoing effects (27). 
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The main reason cited is the lack of support of and 
education given for the physical and mental disorders 
they experienced (28). 


Treatment 


Mental health professionals, including psychiatrists and 
psychologists, are regarded as the gold standard providers 
of care to the PTSD patient. Psychotherapy and behavior 
therapy are generally thought necessary, and they have 
yielded good results; in addition, some patients may 
benefit from psychotropic medications (1,25). When 
managing these patients, initially maintaining a broad- 
based differential diagnosis is necessary to avoid the pitfall 
of biasing the approach to the patient’s complaint. 


CHILDREN IN DISASTERS 


The true degree of emotional trauma among children is 
usually underestimated after a disaster. Multiple reasons 
exist for this. Most studies on the subject to date have 
had significant methodological flaws. Parents are either 
unaware of or unwilling to admit to any inability to 
protect their children from stress, and therefore this 
is underreported. The extrapolation of emotional status 
from nondisaster to disaster events may also give a false 
evaluation of the level of symptoms in children. Most of 
the childhood emotional effects of disaster are age related 
and most involve some degree of regression. The impact 
of disaster on children should be thought of in terms 
of their developmental age and not their chronological 
age. Preschoolers are still experiencing some normal 
separation anxiety. Disasters will increase these normal 
feelings. Increased arousal, sleep disturbances, clinging, 
and fear of being alone all become manifest. School-age 
children tend to be less dependent on their parents. As 
such, their response to the stress of a disaster may be less 
consistent. They may exhibit reckless behavior and may 
experience more psychosomatic complaints. Adolescents, 
who are more independent, often become involved in 
productive activities such as rescue and recovery work. 
Some, however, may regress and display withdrawn 
functioning under significant denial. Normal adolescent 
anxiety may be increased, particularly if they identify 
with the casualties. Factors contributing to an increased 
emotional trauma in children are listed in Table 7-2. The 
most important factor in limiting CIS in children is how 
quickly they can be reunited with their families (29). See 
Chapter 3 for more information on children in disasters. 


THE ELDERLY IN DISASTERS 


Prior studies have stated that the elderly are at a greater 
risk for emotional trauma following a disaster than 


D TABLE 7-2 Risk Factors for Post-Traumatic Stress 
Disorder in Children after Disasters 


High-intensity event 

Injury to the child 

Loss of parent or significant person 
Fear of death 

Fear of separation 

Fear of recurrence of the disaster 


younger adults. In reality, this may be exaggerated. The 
elderly are indeed at increased risk for physical injury in 
some circumstances, but they are not necessarily at in- 
creased risk for psychoemotional disorders. However, the 
impact of the loss of a spouse, relative, or even a pet may 
be greater in the elderly. Another factor is the loss of self- 
reliance. In some cases, the disruption of normal routine 
and living environment may result in confusion and aber- 
rant behavior. The life experiences of the elderly and the 
fact that they often have more realistic expectations of 
what their recovery needs are, may be a valuable resource 
during the recovery phase of the disaster. 


RESCUE WORKERS IN DISASTERS 


Rescue workers are not immune to the effects of a disaster. 
The most common secondary casualties of a disaster are 
those providing care to the casualties. These include not 
only search and rescue personnel but also physicians, 
nurses, and other hospital staff. The stress reactions 
seen in nonprofessionals involved in disaster response 
resemble the symptoms seen in primary casualties. Many 
professional responders also report serious symptoms 
following a disaster. Rescue workers will have more 
intense emotional trauma if they are involved in a failed 
rescue attempt (especially if children are involved) (30). 
However, up to 90% of the professionals involved in a 
failed rescue attempt will have good coping skills (31). The 
major symptoms reported by professionals are outlined 
in Table 7-3. These reported symptoms obviously could 
adversely impact an ongoing recovery effort. Some specific 
factors that can decrease the frequency and severity 
of symptoms in professionals are listed in Table 7-4. 
The best way to manage CIS among rescue workers is 


) TABLE 7-3 Additional Symptoms of Post-Traumatic 
Stress Disorder in Professional Disaster 
Workers 


Decreased ability to judge risk 
Decreased leadership ability 
Decreased work efficiency 

Decreased ability to work cooperatively 
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) TABLE 7-4 Factors for Decreasing Post-Traumatic 
Stress Disorder Symptoms in Disaster 
Workers 


Prior disaster training 

Specific disaster education 
Maturity 

Experience with prior disasters 
Leadership type 


predeployment training, which preferably occurs long 
before any event. In this training, rescuers run through 
scenarios of what they might see or be asked to do in a 
mass casualty and are taught the early signs and symptoms 
of CIS. This type of stress education involves learning 
to recognize normal and abnormal stress reactions and 
focuses on simple skills and rules for managing stress 
during a response. These sessions also focus heavily on 
coping skills, which can be learned and are known to 
work (32). 

The most serious reactions occur among rescue work- 
ers involved with body handling (33). These are due in 
part to the profound sensory stimulation experienced by 
these personnel. Inexperienced body handlers have sig- 
nificantly more symptoms than those with prior experi- 
ence. Symptoms can also be correlated with the number 
of bodies encountered by the rescue worker (34). Sev- 
eral methods have been noted for helping those working 
with the bodies cope with the stress; these are outlined 
in Table 7-5. 


SUMMARY 


Each disaster presents a slightly different profile of 
emotional trauma. However, some trends are predictable. 
All persons involved with a disaster will suffer to some 
degree from the emotional trauma. Man-made disasters 
seem to cause a more intense reaction than those of 
natural occurrence. The most consistent positive predictor 
of significant symptoms is the degree of direct involvement 
in the disaster. Methods such as CISM are beneficial in 
decreasing the long-term impact of disasters on casualties 
and disaster workers. Planning for disaster response 
should include CIS management protocols. 


) TABLE 7-5 Coping Methods for Disaster Recovery 
Workers 


Avoid humanization of the bodies 

Do not look at the faces 

Do not learn the names of the victims 
Concentrate on the tasks at hand 
Concentrate on the benefit to society 


Contact Phone Numbers for Workshops and Reference 

American Academy of Experts in 631-543-2217 
Traumatic Stress 

International Critical Incident 
Stress Foundation, Inc. 

National Institute of Mental 
Health 

National Society for 
Post-Traumatic Stress Disorder 

United States Veterans 
Administration (Readjustment 
Counseling) 


410-313-2473 


301-443-3648 


802-296-6300 


202-233-3317 


REFERENCES 


22. 


. Aghababian RV. Emergency medicine: the core curriculum. Philadel- 


phia: Lippincott-Raven, 1998. 


. Bryant RA, Harvey AG. Posttraumatic stress reactions in volunteer 


firefighters. J Trauma Stress 1996;9:51. 


. Lusk M, Avramov R. Israel’s leading hospital responds to terror attacks. 


(http://www.homelanddefensejournal.com/scoop-israel.htm), 2006. 


. Smith D. Report from ground zero. New York: Penguin Group, 2003. 
. Lewis GW. Critical incident stress and trauma in the workplace. 


Bristol, PA: Accelerated Development, 1994. 


. American Psychiatric Association. Diagnostic and statistical manual 


of mental disorders, 4th ed. Washington, DC: American Psychiatric 
Association, 1994. 


. Everly GS. Innovations in disaster and trauma psychology, Vol. 1. 


Ellicott City, MD: Chevron Publishing, 1995. 


. Cerne E. Hospitals not immune to high cost of stress. Hospital 


1988;62:69. 


. Mitchell JT. When disaster strikes: the critical incident stress 


debriefing process. JEMS 1983;8:36-39. 


. Oster NS, Wong R, Horowitz S, et al. Anomalies of cardiac rate and 


rhythm in emergency medicine residents while on duty. Ann Emerg 
Med 1998;314:537. 


. Burkle FM. Acute-phase mental health consequences of disasters: 


implication for triage and Emergency Medical Services. Ann Emerg 
Med 1996;28:119-128. 


. National Institute for Occupational Safety, and Health. Protecting 


emergency responders:safety management in disaster and terrorism 
response. In: Baker JC, Jackson BA, ed. CDC: Workplace safety and 
health. (DHHS [NIOSH] Pub No. 2004-144). Cincinnati, OH: US 
Department of Health and Human Services, National Institute for 
Occupational Safety and Health, 2003:1-154. 


. Everly GS, Lating JM. Psychotraumatology: key papers and core con- 


cepts in post-traumatic stress. New York: Plenum Publishing, 1995. 


. Dyregrov A. The process in psychological debriefings. J Trauma 


Stress 1997;10:589-605. 


. Emergency Nurses Association. Position statement. Mount Prospect, 


IL: Emergency Nurses Association, 1998. 


. Saint Joseph Hospital. Workplace violence policy. Ann Arbor, MI: 


Saint Joseph Hospital, 1997. 


. Mitchell JT, Everly GS. Critical incident stress debriefing. Ellicott 


City, MD: Chevron Publishing, 1996. 


. Myers DG. Mental health and disaster: preventive approaches to 


intervention. In: Girst R, Lubin B, eds. Psychosocial aspects of 
disaster. New York: John Wiley and Sons, 1989. 


. Deangelis T. Firefighters PTSD at dangerous levels. APA Monitor 


1995,26:36-37. 


. Hoge CW, Orman DT, Robichaux RJ, et al. Operation solace: 


overview of the mental health intervention following the September 
11, 2001 Pentagon attack. Mil Med 2002,167:44-47. 


. Sacks SB, Clements PT, Fay-Hillier T. Care after chaos: use of 


CISD after traumatic workplace events. Perspect Psychiatr Care 
2001;37(4):133. 

Freud S. Introductory lectures on psychoanalysis. London: Hogarth 
Press, 1963. 


Z Critical Incident Stress 71 


23. 


24. 


25. 


26. 


21: 


28. 


29. 


David D, Kutcher GS, Jackson EI, et al. Psychotic symptoms 
in combat related post traumatic stress disorder. J Clin Psychol 
1999;60:1. 

Ivezic S, Oruc L, Bell P. Case report: psychotic symptoms in post- 
traumatic stress disorder. Mil Med 1999;164:1073. 

Kaplan HI, Sadock BJ. Comprehensive textbook of psychiatry, Vol. 1. 
6th ed. Baltimore: Williams & Wilkins, 1995. 

Galea S, Nandi A, Vlahov D. The epidemiology of post-traumatic 
stress disorder after disasters. Epidemiol Rev 2005;27:78-91. 
Kawana N, et al. Psycho-physiological effects of the terrorist sarin 
attack on the Tokyo subway system. Mil Med 2001;166:23-26. 

The Gilmore Commission. V. Forging America’s New Normalcy: 
Securing our homeland, preserving our liberty. In: Foresman G, 
Gilmore JS III, ed. The fifth annual report to the president and 
the congress of the advisory panel to assess domestic response 
capabilities for terrorism involving weapons of mass destruction. 
Arlington, VA: The Rand Corporation, 2003. 

Young BH, Ford JD, Ruzek JI, et al. Helping survivors. A guide- 
book for clinicians and administrators. Manlo Park, CA: National 
Center for Post Traumatic Stress Disorder, Department of Veteran 


30. 


31. 


32. 


33. 


34. 


Affairs, Available at: http:/;www.ncptsd.org/publications/disaster/ 
index.html, 1998. 

Fullerton CS, Ursano RJ, Wang L. Acute stress disorder, posttrau- 
matic stress disorder, and depression in disaster or rescue workers. 
Am J Psychiatry 2004;161:1370-1376. 

Fullilove MT, Hernandez-Cordero L, Madoff JS, et al. Promoting 
collective recovery through organizational mobilization: the post- 
9/11 disaster relief work of NYC RECOVERS. J Biosoc Sci 2004; 
36(4):479-489. 

Agency for Toxic Substances and Disease Registry. Surviving Field 
Stress for First Responders. Agency for Toxic Substances and 
Disease Registry. http:/;www.phppo.cdc.gov/phtn/webcast/stress-05/ 
TrainingWorkbookstress-editp1.pdf, May 2005. 

North CS, Pfefferbaum B, Naraynan P, et al. Comparison of post- 
disaster psychiatric disorders after terrorist bombings in Nairobi 
and Oklahoma City. Br J Psychiatry 2005;186:487-493. 

Johnson SB, Langlieb AM, Teref SP, et al. Rethinking first response: 
effects of the clean up and recovery effort on workers at the 
world trade center disaster site. J Occup Environ Med 2005;47(4): 
386-391. 


f Chapter 8 | 8 


Urban Search and Rescue 


Carl S. Goodman and David E. Hogan 


INTRODUCTION 


Urban search and rescue (USAR) is the process of locating, 
extricating, and providing for the immediate medical treat- 
ment of casualties trapped in collapsed structures. The 
goal is to recover live casualties in a manner that max- 
imizes their chances of recovery to their previous states 
of health (1). Confined space medicine (CSM) is the body 
of knowledge concerned with the treatment and rescue of 
casualties trapped in a collapsed structure. Examples of 
confined spaces include mines; caves; tunnels; collapsed 
buildings, elevated roadways, and farm silos; manholes; 
sewers; utility tunnels; and crawl spaces (1). 

Several unique pathophysiological entities have been 
described in the literature when injury occurs in a 
confined space. In addition, special techniques are needed 
to evaluate and treat the entombed individual before 
extrication. In response to the increased need, USAR and 
CSM are evolving specialties. 


History 


Much of the epidemiology related to USAR and CSM has 
been obtained from descriptive studies following major 
earthquakes (2-6). The clinical entity of crush injury 
(CI) and crush syndrome (CS) were first reported by the 
Germans in World War I. In 1941, following the Blitz in 
London, Bywaters first described fully the entity that was 
initially described by his name (7,8). 

The scope of USAR is quite varied, and the lessons 
learned from confined space rescue are essential to the 
operational success of the mission. In the late 1980s and 
early 1990s, several domestic events were investigated 
and reported by the U.S. Fire Administration (9-14). 
These events demonstrated the need for an organized 
and coordinated approach to USAR and confined space 
rescues. Local cave-in and collapse response teams were 
developed in California; New York City; Fairfax, Virginia; 
and Montgomery County, Maryland (15). In addition, a 
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volunteer group of emergency physicians and paramedics 
trained and equipped in rescue and CSM, called the 
Special Medical Response Team (SMRT), was formed in 
southwestern Pennsylvania. While the team was originally 
developed to respond to entrapments in coal mining and 
industrial and farming accidents, it has also responded to 
confined space incidents involving building collapse, mine 
explosion and fires, cave-in accidents, and well-drilling 
mishaps (16). 

The first well-known national effort to develop a 
multidisciplinary task force (TF) to respond to and 
assist local forces in the location and extrication of 
entrapped individuals was pioneered by the Office of 
United States Foreign Disaster Assistance (OFDA) (15). 
The capability of these teams was demonstrated in Mexico 
City, Philippines, and Soviet Armenia. The OFDA, as a part 
of the Agency of International Development, is prohibited 
from developing USAR teams domestically. As a result of 
this, domestic development became the responsibility of 
the US military. 

In 1988, public law 93-288 (The Robert T. Stafford Dis- 
aster Relief and Emergency Assistance Act) gave the federal 
government authority to respond to disasters; to provide 
assistance to save lives; and to protect public health, safety, 
and property. Hurricane Hugo and the Loma Prieta earth- 
quake focused the attention of the nation on deficiencies 
in USAR capabilities. As a result, the Federal Emergency 
Management Agency (FEMA) received a federal mandate 
to develop a national USAR system as emergency support 
function (ESF) number 9 of the Federal Response Plan 
(FRP). At the inception of the FRP, the Department of 
Defense (DOD) had the logistical capabilities to support 
heavy USAR operations but not the technology, skills, and 
experience. They did, however, have the personnel for 
light search and rescue and the ability to support civilian 
heavy rescue teams. Through the coordinating efforts of 
FEMA, civilian and military teams began to work together 
to maximize USAR operations. 
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As a result of the September 2001 terrorist attacks 
against the United States, the president issued the Home- 
land Security Presidential Directive (HSP-5) on February 
28, 2003. This directive created the Department of Home- 
land Security (DHS) and initiated a newly organized 
National Response Plan (NRP) for terrorist attacks and 
disasters. Retaining much of the previous response in- 
frastructure including the ESF structures, USAR remains 
integrated into the NRP under the ESF-9 (see Chapter 13). 


OPERATIONAL CONSIDERATIONS 


USAR functions under the scope of ESF-9 in the command 
and support structures as demonstrated in Fig. 8-1. After 
extrication, rescue, and initial stabilization of casualties, 
USAR interfaces with ESF-8 elements outside the collapse 
zone at a casualty collection point to hand over the 
casualties. Currently, 28 equipped and trained USAR task 


Task force 


leader 


(2) 


teams exist throughout the United States. The USAR team 
is made up of a 56-member TF, each consisting of four 
functional TF elements—the search team, the rescue team, 
the medical team, and the technical team (17). Each team 
is composed of at least two persons. This structure allows 
the TF to operate 24 hours a day, working in 12-hour 
shifts, with sufficient time for rest. 

The TF leader is the central point of coordination. 
The leader must be able to integrate the activities of 
each of the four functional elements. The TF leader’s 
role is to blend the team into the incident command 
structure of the local authorities and other agencies 
for implementation of their tactical assignment. The 
search team’s primary function is to locate casualties 
using canines, special protocols and equipment such as 
fiber-optic cameras, thermal sensors, radar, and sensitive 
acoustic listening devices. The purpose of the rescue team 
is the evaluation of the collapsed structure, stabilization of 


Canine search Rescue squad Medical 
specialist officer specialist (2) 
(2) & 5 specialists 


Medical 
specialist 
(2) 


Canine search 
specialist 
(2) 


Rescue squad 
officer 
and 5 specialists 


Hazardous 
materials 
specialist (2) 


Technical search 
specialist 
(2) 


Rescue squad 
officer 
and 5 specialists 


officer 
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Heavy equipment 
& rigging 
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Technical 
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FIGURE 8-1. Federal Emergency Management Agency (FEMA) and Urban Search and Rescue 
(US&R [generally USAR]) task force organization. (From Federal Emergency Management 
Agency. Urban search and rescue response system: field operations guide. Washington, DC: Federal 
Emergency Management Agency, 1993:111-135, with permission.) 
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the structure, and extrication of casualties. The technical 
team is responsible for hazardous materials assessment, 
structural stabilization advice, communications, local 
system liaison, and logistics management. 

The medical team provides sophisticated emergency 
medical care for a potentially prolonged period during 
a mission. Unlike traditional disaster field care such 
as provided under a disaster medical assistance team 
(DMAT), the USAR medical team is designed to deliver 
more sophisticated care to fewer patients (1). The team 
must be medically self-sufficient, and as such it must 
not rely on the local medical system for support. The 
health care of the USAR team members is the first priority 
of the USAR medical team. The USAR team physician is 
responsible for predeployment medical issues, daily minor 
medical complaints, and acute illness or injuries incurred 
during the mission. Once the care of the TF is ensured, 
attention can be turned to entrapped casualties, search 
team canines, and the surrounding community. The team 
should not serve as a freestanding medical resource at the 
disaster site as it will lack the resources and personnel to 
perform this function (18). The USAR medical team will 
hand over casualties to local emergency medical service 
(EMS) agencies or DMATs at a predesignated location just 
outside the perimeter of the working zone of rescue. 

Predeployment considerations include that the team 
have the capacity to be rapidly deployable and fully 
provisioned in food, water, shelter, and sanitation. The 
team should be self-sufficient for a minimum of 72 hours 
before needing resupply and have a capability to oper- 
ate for at least 10 days before personnel replacement is 
needed (16,17). The team is responsible for bringing its 
own rescue equipment. In addition to rescue equipment, 
support materials and equipment such as lighting, heating, 
and generators are cached (Table 8-1). Medical equip- 
ment includes basic and advanced life-support supplies, 


) TABLE 8-1 Equipment Cache 


Rescue equipment 
Electric generators 
Pneumatic air compressors 


Power tools 

Hand tools Repeaters 
Electrical equipment Batteries 
Lighting Power source 


Maintenance items 

Rope and rigging equipment 

Safety equipment 

Search equipment 

Search cameras 

Seismic and acoustic listening devices 
Thermal imaging devices 


Communications equipment 
Portable radios 
Charging units 
Telecommunications items 


Satellite phone 
Cellular phones 


an expanded pharmacological stock, personal protective 
equipment (PPE), patient monitoring devices, and sup- 
plies for treating the canine team members (Table 8-2). 


SCIENTIFIC BACKGROUND 


A study of the health effects of earthquakes in the mid- 
1990s revealed that building collapse was the principal 
source of casualties (19). Most injuries and death that 
occur due to a collapsed structure result when the energy 
transmitted to the body exceeds the body’s threshold to 
withstand the transfer (20). Frequently cited causes of 
death include multiple injury, dust asphyxiation, and 
head trauma (20,21). Furthermore, the risk of death is 
significantly higher in individuals trapped beneath the 
rubble, with the death rate being greater for individuals 
located on higher floors before the collapse of the 
structure (3,21). Epidemiological studies have identified 
these and other risk factors for injury and entrapment after 
building collapse. Application of such information to the 
engineering design of buildings as well as rapid analysis 
of collapse characteristics and survivor interviews have 
provided assistance for safer operations of USAR teams 
and the recovery of casualties (21,22). 


Time and Rescue 


In homage to the trauma concept of the “golden hour,” 
USAR has the concept of the “golden day.” The chance 
of extricating a casualty alive drops dramatically after 24 
hours following collapse of the structure and entombment. 
In Soviet Armenia, 89% of the casualties rescued alive were 
extricated during the first 24 hours (2). Similarly, in the 
Tangshan earthquake in China, 81% of those extricated 
in the first 24 hours were alive, while only 7.4% beneath 


Technical equipment 
Atmospheric monitoring equipment 
Structural specialist items 
Technical information specialist items 
Technical search specialist items 
Logistics equipment 
Water and fluids 
Food 
Shelter 
Sanitation items 
Personal safety gear 
Administrative support items 
Personal gear 


From Federal Emergency Management Agency. Technical rescue program development manual. United States Fire 


Administration, August 1995, with permission. 
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) TABLE 8-2 Medical Supplies 


Pharmacologic agents 
Antibiotics 


Intravenous and intramuscular 
Oral medication 
Ocular medication 
Topical medication 
Steroids 
Cardiac drugs 
Respiratory drugs 
Analgesia 


Sedatives, anesthetics, and paralytics 


Comfort medication 
Antacids 
Hemorrhoidal preparations 
Insect repellent 
Sunblock 
Immunizations 
Tetanus toxoid 
Assessment/monitoring equipment 
Stethoscope 


Blood pressure cuff manual and automated 


pulse oximeter 
End-tidal carbon dioxide monitor 
Thermometer: oral, rectal, tympanic 


Airway equipment Miscellaneous 
Endotracheal tubes; adult and 
pediatrics 

Laryngoscope: straight and curved 


End-tidal carbon dioxide colormetric 


Assorted tape 
Stokes basket 


monitor Canine supplies 
Stylet Personal protective equipment 
Spare bulbs and batteries Helmet 
Fiber-optic flexible scope Personal locating device 
Flexible guide wire Goggles 
No. 11 blade and handle Sturdy shoes or boots 


Umbilical tape Safety glasses 
Bag-valve mask: adult and pediatrics Nomex jumpsuit 
Portable ventilator Work gloves 
Oxygen Tyvek coveralls 
Assorted oxygen masks Latex gloves 
Nasal cannula Dust mask 

Eye care 


Saline solution 
Flourosceine 
Metal shield 
Immobilization devices 
Kendrick extrication device 
Long spine board or full-body 
vacuum splint 


Assorted bandages and dressings 


Otoscope Assorted board splints 


Ophthalmoscope 


From Federal Emergency Management Agency. Technical rescue program development manual. United States Fire 


Administration, August 1995, with permission. 


the rubble were found alive at 5 days after the event (23). 
Analysis of the data from the Guatemalan earthquake in 
1975 suggests that most of the deaths took place almost 
immediately (4). After the bombing of the Murrah Federal 
Building in Oklahoma City, the mean extrication time was 
20 minutes, and only three persons were found alive after 3 
hours (24). Most casualties trapped in a collapsed building 
have been demonstrated to die within the first few minutes 
to hours of injury. As a result, USAR teams providing 
assistance are often performing body recovery (14,19). 
However, many anecdotal reports are found of casualties 
who have survived after being entombed for up to 6 
days and longer (2,19,23). Therefore, efforts should not 
be delayed or abandoned after 24 hours. 


Altered Prehospital Philosophy 


When rescuers are reaching an entrapped patient who 
is alive, routine prehospital procedures are usually not 
applicable. Obviously the scoop-and-run philosophy is not 
possible with the trapped or pinned individual (16). This 
shift in approach for the entombed casualty has resulted in 
the doctrine that the most important medical intervention 
in this setting is the prevention of cardiac complications 
and renal failure due to CI. 


Advances in incident management, particularly the 
incident command system, further support the scientific 
basis for CSM/USAR (15). Technical developments in 
the detection of hazardous materials and in protective 
gear allow rescue workers to mitigate their risk when 
working in a confined space. Search equipment, such as 
fiber-optic cameras, thermal imaging, and ultrasensitive 
listening devices, have advanced the ability to locate 
trapped persons. Scientific rescue capabilities for shoring, 
cutting, and lifting have allowed rescue personnel a 
better chance to extricate the individual without creating 
further injury. 


CONFINED SPACE MEDICINE 


A confined space has limited access and egress and 
unfavorable environmental conditions, and it is not 
designed for continuous occupancy. Persons trapped 
beneath rubble may be in a confined space, and knowledge 
of the associated dangers is essential for the safety of both 
the patient and the emergency care worker. Confined 
spaces are subject to temperature extremes, and this can 
present an added problem for the trapped patient and the 
rescuers working in such an environment. 
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Atmospheric Concerns 


Atmospheric conditions may be dangerous. Hazardous at- 
mospheres include oxygen-deficient, flammable, and toxic 
conditions (25). An environment that contains less than 
19.5% available oxygen requires the use of supplemental 
oxygen. Oxygen may be delivered through a self-contained 
breathing apparatus or an airline respirator. An airline res- 
pirator has a remote source, and it is delivered by a hose 
to a mask worn by the operator. Oxygen cannot be simply 
pumped into the confined space because this may lower 
the threshold of flammability in the air. Even in the ab- 
sence of an oxygen-enriched atmosphere, flammable gas 
and dust may be present and enhance the chance of com- 
bustion. In addition to delivering sufficient oxygen to the 
rescuer and patient, proper ventilation is essential. The 
use of sparking or electrical tools is extremely dangerous 
without taking such atmospheric/environmental risks into 
consideration. 

Before entering a confined space, the atmosphere 
should be properly tested. Carbon monoxide may result 
from nearby fires and portable generators. There may be 
an accumulation of carbon dioxide exhaled by the casualty 
and the rescuers and methane may be present from bro- 
ken gas lines. Consideration also needs to be given to the 
presence of hazardous materials stored in the collapsed 
structure. If the environment is found to have unfavor- 
able conditions, ventilation and oxygen supplementation 
is essential. Other safety measures include isolating and 
shutting off gas lines and electrical service as well as the 
removal of hazardous material. 


Secondary Collapse 


In addition to the atmospheric concerns, the risk of 
secondary collapse must be taken into consideration. 
Proper structural stabilization will mitigate the risk of 
such collapse to rescuers. Although the collapse hazard 
cannot be completely eliminated, measures may be taken 
to lessen the chance of a second catastrophe. There are 
a number of reports of rescuers who enter confined 
spaces before establishing safe environmental conditions 
only to become casualties themselves (25). The use of 
science, engineering, and fire personnel on the USAR team, 
trained in structural analysis and stabilization methods, 
is essential for the function and safety of the team. 


SEARCH AND RESCUE OPERATIONS 


Rescue of casualties from a collapsed structure may ap- 
pear chaotic, but is never rushed. The safety of the rescuer 
is of paramount importance. Becoming a casualty creates 
more of a problem and can rapidly deplete the force mul- 
tiplier effect of rescuers. Many casualties are extricated 


by laypersons soon after the collapse of a structure using 
simple hand removal of debris. However, living individ- 
uals may be securely pinned, thereby requiring specially 
trained personnel to locate and extricate them. 


Personal Protective Equipment 


Appropriate PPE is essential. Respiratory protection 
should be selected depending on the nature of the 
atmospheric hazards. At a minimum, a dust mask will be 
required. In extreme situations, a self-contained breathing 
apparatus or a supplied air respirator may be needed. 
Barrier protection, such as Tyvek (DuPont, USA), coveralls 
and latex gloves, should be worn even under leather work 
gloves if the risk of fluid contamination exists. A helmet 
is essential for protecting the rescuer from falling debris. 
Safety glasses or goggles should be put on when any 
potential for eye injury exists. Hearing protection may be 
needed when operating heavy rescue tools. Appropriate 
footwear is essential to provide adequate footing on 
uneven rubble and to protect against injury from heavy 
debris. A safety lifeline should be used when appropriate, 
and a personal locating device should be carried. A safety 
officer is essential for oversight of the operation. An 
important initial consideration is the decision of rescue 
versus recovery operations mode. 

The Fire Department of New York has developed a 
five-step collapse rescue plan as follows: 


m The site is surveyed. 

m Casualties on the surface are rescued. 
m Voids are explored. 

m Selected debris is removed. 

m General debris is removed (10) 


Voids in the Rubble 


A key portion of the activities of USAR is the detection of 
space voids vvithin the rubble of the collapsed structures. 
It is within these spaces that casualties may have had 
enough room to survive. The nature of potential void 
spaces depends on the nature of the collapse occurring in 
the specific area of the building. The type of collapse and 
void spaces are generally identified as V-Type, Lean-To, or 
Pancake. Most structural collapses result in a combination 
of collapse and void space types (1). Surviving casualties 
will be in the voids that have been formed. Graphic 
examples of these three collapse types and the voids 
usually created are demonstrated in Fig. 8-2. When the 
rubble pile is deemed acceptable for entry by trained 
rescue teams, shoring is undertaken to support the 
structure and to prevent secondary collapse. Casualty 
location occurs with the assistance of the canine team 
and of specialized acoustic, video, and infrared devices. 
When casualties are located, they can be remotely 
assessed and triaged. The process of extrication can begin 
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The "V" Type collapse 


with simple hand removal of debris by bucket brigade 
and power tools. Trenching and tunneling occur until the 
casualty can be reached by medical personnel and assessed 
further; treatment is initiated, and the patient is ultimately 
removed from the rubble. After all known casualties are 
accounted for or the assessment is made that the persons 
remaining are not salvageable, general debris removal 
occurs. Heavy equipment may be required, and caution 
must be used because a casualty may be unexpectedly 
found alive. 


MEDICAL CONSIDERATIONS 


An understanding of the unique environment and knowl- 
edge of CSM will enhance the survival of and reduce 
morbidity in the extricated patient. Assessment and treat- 
ment need to begin as soon as possible to maximize 
survival potential. 


Confined Space Assessment 
and Treatment 


Assessment may not initially involve any physical contact 
with the patient, as it may take place remotely, either by 
voice contact alone or by visualizing the patient using 
devices such as fiber-optic cameras. When the casualty 
is finally reached, a minimal portion of the body may 
be accessible until rubble can be fully removed. Initial 
assessment for respiratory impairment, hypovolemia, CI, 
skeletal injury, burns, and thermoregulatory problems in 


FIGURE 8-2. Three major collapse types 
with associated voids. Federal Emergency 
Management Agency (FEMA) and Urban 
Search and Rescue (US&R [generally 
USAR]) task force organization. (From 
Federal Emergency Management Agency. 
Urban search and rescue response system: 
field operations guide. Washington, DC: 
Federal Emergency Management Agency, 
1993:111-1, with permission.) 


the rubble is of primary concern. Most of the assessment 
will often be made by one of the medical officers of the 
team by a limited physical examination method using 
all available access to the casualty. Once the airway, 
breathing, and circulation have been attended to, attention 
can be focused on immobilization of the spine and/or any 
obvious fractures. However, priorities will need to be 
adjusted according to accessibility. Analgesia should be 
used liberally to assist in the extrication process. 


Anticipation of Prolonged Field 
Management 


Although most casualties extricated alive are rescued 
within 24 hours, rescuers must be prepared for prolonged 
extrication and patient management. Emergency physi- 
cians should expect the casualty to be hypothermic and 
dehydrated. In addition, casualties may develop an ileus 
and vomit, they may sustain blood loss, and they may ex- 
perience third space fluid accumulation. To minimize the 
risk of vomiting, casualties should not take anything by 
mouth (NPO) if possible and they should be given intra- 
venous hydration. Casualties may develop rhabdomyolysis 
from CI or immobilization, and this becomes the focus of 
most interventions in the crush injured. 


Environmental Concerns 


Environmental concerns pose a problem not only to the 
casualties but to the rescuers as well. Casualties are 
highly subject to potential environmental temperature 
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extremes (1). In addition, medical causes of hypothermia 
such as trauma and hypoglycemia are likely to be en- 
countered. Other issues may contribute to environmental 
exposure such as being improperly dressed for outdoors, 
lying on a cold slab of concrete or in a pool of water from 
a ruptured water line. Temperature should be monitored, 
and, if possible, intravenous fluids should be warmed. Oxy- 
gen tanks should be kept warm and oxygen administered 
through a warmer, if available, during long extrications. 

Heat-related illness may be a substantial risk, particu- 
larly for the rescue worker. The spectrum of injuries seen 
ranges from minor heat exhaustion to heat stroke. Rescue 
workers are at particular risk due to protective clothing, 
strenuous activity, confined space characteristics, and lim- 
ited fluid intake. These conditions must be monitored with 
heat breaks with liberal hydration enforced. 


The Pharmacology of Confined Space 
Medicine 


The pharmacy cache of the medical team includes medica- 
tions not traditionally used by paramedics. The expanded 
pharmacy includes analgesia, sedatives, paralytics, an- 
tibiotics, and common over-the-counter remedies. One 
should not overlook the fact that trapped casualties may 
have underlying medical conditions; therefore, mainte- 
nance medications, such as insulin or cardiac drugs, may 
need to be administered. 


Analgesia 


The use of analgesia is essential when dealing with the 
trapped casualty who is likely in considerable pain that 
is often made worse by the extrication process. The 
removal of debris and the movement of the patient without 
appropriate analgesia may hinder the extrication efforts. 
Narcotic analgesia, such as morphine, may be required 
for routine procedures or for extreme situations, such as 
an in-field amputation. Nitrous oxide has a quick onset 
of action and elimination, and it does not have the risk 
of respiratory depression. However, nitrous oxide may 
be contraindicated in casualties with suspected thoracic 
or abdominal injuries. The use of nitrous oxide in a 
confined space mandates adequate ventilation to prevent 
the rescuers becoming intoxicated. Simple remedies, such 
as acetaminophen and ibuprofen, should also be on hand 
for team members’ minor complaints. 


Respiratory Medications 


Respiratory problems need to be managed more ag- 
gressively in the trapped patient. In addition to bron- 
chodilators, mucolytics and steroids may be needed. 
Management of the airway becomes more difficult as 
has been previously mentioned, and the cache should 


include short-acting and intermediate-acting paralytic 
agents, such as succinylcholine, rocuronium, and vecuro- 
nium; sedatives such as midazolam and thiopental; and the 
dissociative anesthetic, ketamine. Caution should be exer- 
cised when using succinylcholine because of the potential 
risk of increasing intracranial and intraocular pressure, as 
well as of worsening hyperkalemia. 


Fluids 


Casualties from incidents of collapse or those suffering 
from CI from entrapment in rubble will require large 
amounts of intravenous fluid in the prehospital setting. In 
general, normal saline (0.9% NaCl) is the fluid of choice 
in this setting. Although lactated Ringer solution is often 
used in trauma and burn casualties, the crush casualty 
may not be fully able to metabolize and distribute all 
the components of this solution. Casualties trapped and 
needing extrication may require more than 6 L of normal 
saline in addition to calculated volumes of maintenance 
fluid. In addition, alkalinization with sodium bicarbonate 
will be needed during prolonged extrication times and just 
before the release of compression of the trapped part. 


Infectious Disease Issues 


Disasters do have the potential to increase the frequency 
of some infectious diseases (see Chapter 5). In general, 
such increases in infections have to do with the loss of 
public health and medical infrastructure coupled with the 
illnesses endemic in the impacted population. The trapped 
casualty will obviously have an increased frequency of 
physical injury and environmental exposures and potential 
exposures to waterborne and airborne pathogens. Bodily 
functions, such as urination and bowel movements, may 
have occurred and can further complicate procedures 
requiring a clean environment. All casualties who are 
pinned for a period of time (especially the elderly) 
are prone to develop pressure necrosis and ulceration, 
thereby providing an avenue for sepsis. Additional modes 
of infectious contamination may be from dust or from 
rupture of sewage lines within the collapsed structure. 
Those casualties with preexisting illnesses are predisposed 
to various infections as well (26). 


Antibiotic Use 


Trapped casualties with open wounds are subject to 
increased frequency of wound infections. Battlefield 
experience of similar wounds has demonstrated the 
importance of early administration of antibiotics in this 
setting (27). Administration of antibiotics within 6 hours 
of being wounded has been demonstrated to decrease 
the frequency of serious infections in such wounds (27). 
Even later administration of antibiotics has been shown to 
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decrease the frequency of sepsis in these cases. Casualties 
trapped in wet environments after building collapse may 
be at increased risk for exposure to atypical organisms 
such as Leigonella. This organism is known to be found in 
air-conditioning and air-handling units of many buildings 
in some parts of the United States. Clinical infections 
with coccidiomycosis have also been reported following 
building collapse in the Northridge earthquake because of 
high dust and spore levels (26). 

Antibiotic selection for trapped casualties may be prob- 
lematic. One would prefer a combination of characteristics 
such as broad gram-positive and gram-negative coverage, 
the ability to be used intramuscularly, and a long half- 
life. No agents fit these parameters perfectly; however, 
some recommendations can be made. Ceftriaxone may be 
used both intravenously and intramuscularly and need be 
given only once in 24 hours. Gram-positive coverage is less 
than desirable with ceftriaxone because of poor activity 
against staphylococci. Imipenem-cilastin has the advan- 
tage of both gram-positive and gram-negative coverage 
and may be given at 8-hour intervals. It is, however, quite 
expensive and comes in two separate preparations—one 
for intramuscular use in a package with red labeling and 
one for intravenous use with blue labeling—these prepa- 
rations may not be interchanged. Chloramphenicol shares 
a broader spectrum with imipenem-cilastin but must be 
administered every 6 hours. Although used extensively 
throughout the world, the drug has fallen out of favor in 
the United States because of the incidence of potentially 
fatal dose-dependent bone marrow suppression. If anaer- 
obic coverage is needed, clindamycin has an adequate 
spectrum and may be given intramuscularly. Clindamycin, 
however, needs to be administered once in every 6 hours. 
Obviously other antibiotic selections should be considered 
depending on the specific situation and the characteristics 
of the casualty. 


Endemic Diseases 


USAR teams being deployed outside the United States 
(especially to underdeveloped regions) should be prepared 
to monitor for and treat endemic diseases of the region. 
Predeployment vaccinations or chemoprophylaxis should 
be provided to teams being deployed to specific areas of 
the world as part of the routine medical support. Team 
briefings detailing any specific local pathogenic entities are 
useful in both prevention and detection of these diseases 
in the members and in casualties. 


Blast Injury 


Building collapse may occur as a result of several 
etiologies. Seismic activity is the most common cause 
of collapse; however, with the rise of terrorist activities, 
bomb blasts have been seen with increasing frequency (21, 


28-31). Because of this, there is an increased chance that 
blast injury may be encountered in association with other 
traumatic injuries in casualties of structural collapse. 
Blasts may also be associated with fire and toxic inhalation 
injury. Blast injury is covered in detail in Chapter 32 and 
fire-related injuries are covered in Chapter 31. 


Airway Management 


Effective management of the airway of trapped casualties 
may be difficult. Obstacles include obstruction to patient 
access, suboptimal airway positioning, dirty conditions, 
poor lighting, and prolonged extrication times. Proficiency 
in multiple airway techniques is essential when working 
in the confined space environment. The casualty’s head 
may not be accessible at all. If accessible, the airway 
may be unapproachable from the standard oral intubation 
method. Alternatives to standard oral intubation such as 
nasal tracheal intubation, digital intubation, retrograde 
wire intubation, cricothryroidotomy, transtracheal jet 
ventilation, and the Tomahawk approach may need to 
be employed. 

The Tomahawk approach is performed by straddling 
the casualty over the torso, holding the laryngoscope in the 
right hand like a tomahawk, and introducing the tube with 
the left hand (32) (Fig. 8-3). Once the patient is intubated, 
a portable ventilator device is preferred because of the 
potential need for prolonged extrication and the lack of 
space for a second rescuer to bag. Pulse oximetry and end- 
tidal carbon dioxide monitoring are important when the 
medical team does not have clear visibility of the patient. 


FIGURE 8-3. Icepick intubation. 
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Pulmonary Concerns 


The patient trapped in a collapsed building may suffer 
from numerous respiratory problems, including airway 
obstruction, particulate contamination, restriction of ven- 
tilation, inhalation injury, and blast lung (1). The airway 
may be obstructed by vomitus or broken teeth. In addi- 
tion, building collapse generates substantial amounts of 
dust that can cause the clinical entity of particulate res- 
piratory compromise. Ventilation may also be limited by 
compression of the chest by the rubble that limits chest 
wall expansion. Significant CI to the chest can obviously 
be fatal and is not an uncommon cause of death in collapse 
casualties (1). 

Inhalation injury may occur because of thermal burns 
when gas mains rupture or electrical fires are started. 
Toxic inhalation injury may alter the casualty’s oxygen- 
carrying capacity as a result of carbon monoxide, methane, 
or other toxins, such as phosgene. The end result may be a 
trapped casualty requiring emergency respiratory support 
in a less-than-optimal situation for endotracheal intuba- 
tion. Additional procedures, such as chest decompression, 
chest tube insertion, and surgical airway, may be required. 
Measures, such as cardiac monitoring, oxygen saturation, 
end-tidal carbon dioxide, positive end-expiratory pressure, 
and performing gastric suction, although difficult to per- 
form in a confined space, will assist in monitoring the 
casualty during prolonged extrications. 


Dust 


When a building collapses, the respiratory system may 
be severely compromised from the dust cloud that 
results (20). The effects of dust on airways are related to 
the atmospheric density and physical-chemical properties 
of the dust, as well as to the particulate size (33). 
Particles in the respirable range are those less than 
10 um (33). This means that the particles are able to 
pass into the lower airway during normal respiratory 
activity. Building collapse results in a high density of 
suspended particles within the respirable range. Building 
materials include masonry, concrete block, bricks, sheet 
rock, plaster, paint, tiles, drop ceiling, and insulation. 
Constituents of these materials contain calcium, silica, 
asbestos, wood, and other mineral fibers. After building 
collapse, such substances become a major part of the 
aerosolized dust. These particles have the capacity to 
induce acute and chronic pulmonary toxicity, primarily 
by their inflammatory and fibrogenic effects and by injury 
to cellular defense mechanism of the lung (33-35). 

Death by dust asphyxiation may be the sole cause 
of death in some cases (36). Postmortem examinations 
of earthquake casualties in Soviet Armenia and the Kobe 
earthquake in Japan revealed large amounts of dust in the 
nasal cavities, throat, and respiratory passages, suggesting 


that airway obstruction and asphyxiation were the cause 
of death (2,19). Inhalation of dust contaminated with Pseu- 
domonas pseudomallei has been reported in at least one 
casualty following a fireworks factory explosion, resulting 
in adult respiratory distress syndrome (ARDS) (37). Other 
causes of ARDS in the trapped casualty include sepsis, 
thermoregulatory abnormalities, volume depletion, and 
multisystem organ failure from overwhelming trauma. 

Dust also has a significant impact on rescue per- 
sonnel. A substantial proportion of individuals involved 
in rescue and recovery activities after the World Trade 
Center collapse were found to have new onset or exac- 
erbations of both upper and lower respiratory symptoms 
that persisted for several months after the response was 
terminated (38). The dust from this event was found to 
contain from 1, 000 ug/m? to greater than 100, 000 g/m? 
of alkaline cement, glass fibers, asbestos, polycyclic aro- 
matic hydrocarbons (PAHs), polychlorinated biphenols 
(PCBs), polychlorinated furans, and dioxins (38). 


Volume Concerns and Vascular Access 


The trapped casualty is subject to volume problems as a 
result of a number of factors, including dehydration, hem- 
orrhage, and fluid third spacing. Many casualties trapped 
in Kobe, Japan, died as a result of dehydration before 
they could be rescued (19). Hemorrhage from trauma 
may be delayed until extrication when the compressing 
rubble is removed. CI, which will be discussed later, also 
contributes to fluid shifts. Early fluid administration is im- 
portant to prevent delayed complications as the casualty 
is freed from the rubble. 

Vascular access should be initiated as soon as possi- 
ble (16). Two large-bore (14 gauge preferably) peripheral 
intravenous sites should be established. Invasive proce- 
dures such as central lines and venous cutdown, are 
subject to a high degree of complications, including con- 
tamination and air and dirt emboli. However, if peripheral 
access is impossible, these procedures may be necessary. 
Bladder catheterization may be needed to monitor urine 
output (1). Intraosseous lines may need to be considered, 
particularly in children. Odd angles of confinement may 
make fluid administration to casualties by gravity flow 
difficult or impossible. Such difficulties may be overcome 
by carefully evacuating all air from the intravenous set 
and using a pressure infuser (15). 


Crush Injury and Crush Syndrome 


The most dangerous time for the casualty is during the 
extrication phase of the rescue when compressive forces 
are suddenly released from the pinned extremity (20). The 
casualty may look deceptively well, only to deteriorate or 
die shortly after being freed (16). CS is referred to as the 
smiling death (or to the more cynical “the grateful dead 


8. Urban Search and Rescue 81 


syndrome”) because the casualty may be smiling when 
freed, yet dead a few minutes later (20). In the Tangshan 
earthquake in China 20% of casualties suffered CS (36). 
In Armenia, CI was the third most common injury and 
the leading cause of death in patients reaching medical 
care centers (39). Significant reduction of morbidity and 
mortality is seen when CI and CS are identified early and 
treated properly. 

CI results from the pressure applied to a limb during 
entrapment such that it causes skeletal muscle damage. 
Muscle death will occur rapidly following mechanical dis- 
ruption of the tissue. Death of muscle tissue by ischemia, 
however, is usually delayed by several hours (40). Crush 
injury (CI) by definition is muscle damage and death due to 
compressive forces applied to the limbs, most commonly, 
the lower extremities (8). Such damage may occur as early 
as within 1 hour of compression (16). CS is the systemic 
manifestation of CI that, if not treated expediently, can 
lead to sudden death from electrolyte and acid-base shifts 
or death in hours from acute renal failure (7,8,40). 

The severity of CS is proportional to the amount of 
injured muscle (8). CS is essentially a form of traumatic 
rhabdomyolysis. When the muscle is injured, the contents 
of the myocytes are released into the plasma resulting 
in an influx of myoglobin, potassium, and phosphorus, 
and the release of lactate and other cellular constituents 
into the circulation (40,41). In a compressed and trapped 
extremity, these substances remain localized within the 
plasma of the extremity as they are unable to circulate. 
Lymphatic and venous drainage are obstructed early in 
limb compression although some limited arterial flow may 
remain depending on the degree of compression (7,8,41). 
This condition can cause progressive edema, fluid third 
spacing, and hypovolemia. Rapid and progressive swelling 
and third spacing are seen in such injured extremities 
shortly after extrication (8). Lack of adequate arterial 
flow to the extremity also results in ischemia with further 
cellular damage and acidosis (7,41). 

On a microcellular level, overall volume depletion re- 
sults in decreased renal perfusion. Free myoglobin binds 
to nitric oxide (N20) in the renal vasculature, resulting 
in renal vasoconstriction. The concentrated urine thereby 
produced promotes myoglobin accumulation in the renal 
tubules, resulting in a “gel” formation of the myoglobin 
and causing tubular obstruction. Acidic urine created by 
the CI promotes a reaction of myoglobin with Tamm- 
Horsfall proteins in the proximal tubule, causing the sub- 
sequent creation of protein casts that further the tubular 
obstruction. Any myoglobin reabsorbed at the proximal 
tubule promotes the release of cytokines and the genera- 
tion of free oxygen radicals, resulting in activation of the 
inflammatory cascade and renal tubular injury. The pro- 
cess of renal injury from the crush syndrome is depicted 
in Fig. 8-4. The cellular injury caused by the CS thereby 
results in several physiological alterations that place the 


casualty at risk for sudden death from the CS when the 
compression of the extremity is released. 

The deceptive feature of CS is that it does not de- 
velop until the limb is free from entrapment. After release 
from entrapment, the cellular metabolic constituents that 
have been accumulating in the compressed extremity 
are suddenly released into the general circulation. The 
rapid drop in pH, and changes in potassium, calcium, 
and phosphorus levels often result in sudden death from 
cardiac dysrhythmias (usually asystole or ventricular fib- 
rillation) (7,8,41) (Fig. 8-5). Severe hypocalcemia and 
hyperphosphatemia may contribute to cardiac instabil- 
ity (16). The intracellular level of calcium increases, while 
the serum level falls. A mitochondrial increase in calcium 
impairs cellular respiration and adenosine triphosphate 
(ATP) production (41). This intracellular increase in cal- 
cium increases the activation of phospholipase A2, which 
results in the activation of leukotrienes, prostaglandins, 
and lysophospholipase, causing cellular injury (41). Cal- 
cium administration is not recommended, unless the 
calcium is needed to resolve ventricular ectopy (7,16). 
Calcium administration will correct hypocalcemia only 
transiently, and the calcium will be deposited in the in- 
jured muscle as metastatic calcifications that will worsen 
rhabdomyolysis (7). The metabolic components of rhab- 
domyolysis are outlined in Table 8-3. 

Treatment steps to prevent CS begin as soon as 
the casualty is reached. Intravenous access is essential, 
with the anticipation of infusing large amounts of fluid 
(6-10 L) in the immediate postrelease period (16). 
Urinary pH of greater than 6.5 has been demonstrated 
to protect the kidneys by increasing myoglobin solubility 
and by enhancing its excretion (7,8,40). Diuresis is 
also protective (8). The treatment protocol to assist in 
preventing sudden death and/or subsequent renal failure 
due to CS is depicted in Table 8-4. 

CI results in local tissue destruction (7,8,40). Mechani- 
cal disruption causes instant cell death, whereas ischemia 
leads to the death of muscle within 6 hours at a nor- 
mal body temperature (40). The cell begins to swell as 
a result of the intracellular accumulation of solutes such 
as sodium and calcium that pulls water in osmotically. 
An efflux of substances from the damaged muscle cell, 
including potassium, purines, phosphate, lactic acid, myo- 
globin, thromboplastin, creatine kinase, and creatinine, 
occurs (7). Because the muscle groups are encased in 
a watertight fibrous sheath, additional pressure and cell 
damage are caused as the intracompartmental water con- 
tent (and therefore pressure) rises (7). This causes a cycle 
of edema, leading to an increase in compartment pressure. 
Compartment syndrome develops and leads to additional 
ischemia and muscle damage. 

The initial presentation of the crushed extremity may 
be misleading. The casualty may have no pain, the 
development of edema may be delayed, and pulse may 
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A: Concentrated urine 
causes myoglobin to gel in 
the renal tubules 


B: In acidic urine, 
myoglobin binds to Tamm- 
Horsfall proteins, 
producing casts and 
increasing obstruction 


C: Myoglobin absorption in 
proximal tubules causes 
inflammatory mediator 
release, tubular damage,and 
decreased myoglobin 
clearance 
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FIGURE 8-4. The mechanisms of renal failure from crush injury. Abbreviation: Mgb, myoglobin. 
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FIGURE 8-5. Cardiac complications from crush injury. 
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) TABLE 8-3 Flovv of Solutes and VVater Across Skeletal Muscle Cell Membranes in 


Rhabdomyolyisis 


Flovv 


İnflux from extracellular compartment into muscle cell 
Water, sodium chloride, and calcium 


Efflux from damaged muscle cell 
Potassium 
Purines from disintegrating cell nuclei 
Phosphate 


Lactic and other organic acids 
Myoglobin 

Thromboplastin 

Creatine kinase 

Creatinine 


Consequence 


Hypovolemia and hemodynamic shock, prerenal and later 
acute renal failure; hypocalcemia, hyperkalemia; increased 
cytosolic calcium, activation of cytotoxic proteases 


Hyperkalemia and cardiotoxicity 

Hyperuricemia, nephrotoxicity 

Hyperphosphotemia 

Worsening of hypocalcemia and metastatic calcification 
Metabolic acidosis 

Nephrotoxicity 

Disseminated intravascular coagulation 

Extreme elevation of serum level 

Increased serum creatinine to urea ratio 


Modified from Better MD, Stein JH. Early management of shock and prophylaxis of acute renal failure in traumatic 


rhabdomyolyisis. N Eng! J Med 1990;322:825-829. 


be present. If pulse is absent, additional injury such as 
vascular disruption should be sought (7,8). 

As noted before, limb swelling is often delayed, but 
when it does occur, it may be significant enough to cause 
hypovolemic shock (7,8). Sensory findings in the crushed 
extremity may mimic spinal cord injury, resulting in 
the complete loss of motor and sensory function (40). 
Preservation of anal sphincter tone and the lack of 
saddle anesthesia argue against a complete spinal cord 
injury. 

Controversy has arisen regarding the indications and 
benefits of fasciotomy to relieve pressure in compartment 
syndrome. Better and Stein recommend fasciotomy when 
the intracompartmental pressure exceeds 40 mm Hg (or 
the diastolic pressure minus 30 mm Hg) and remains at 
that level for more than 8 hours (7). Michaelson and 
Reis do not specify a particular pressure but rather 
state that fasciotomy in CI is only indicated in open 
injury in an attempt to avoid infection and/or when 
the intracompartmental pressure is high enough to 


) TABLE 8-4 Treatment Protocol to Prevent Acute 
Renal Failure in Crush Syndrome 


1. Combat hypovolemia with crystalloids 

2. Infuse hourly 500 mL of crystalloid and 22.4 mEq of bicarbonate 

3. If diuresis is <300 mL/hr, give mannitol 1 g/kg per dose 

4. If blood pH is >7.45, give 250 mg of acetozolamide 

5. Monitor vital signs hourly, plus urine pH and volume 

6. Monitor osmolarity and electrolytes in blood and blood gases 
every 6h 


From Michaelson M. Crush injury and crush syndrome. World J Surg 1992; 
16:899—903, with permission. 


compromise the vascular supply to the distal extremity (8, 
40). Both authors agree that if fasciotomy is to be 
performed, radical debridement of the dead muscle must 
take place. One note of caution is that traditional methods 
of identifying viable tissue do not apply in the setting of 
CI (8,40). As an example, dead muscle from CI may bleed 
profusely, a phenomenon not usually seen in muscle injury 
from other mechanisms. Viability should be determined 
by the contractile response to electrical or mechanical 
stimulation (40). Fasciotomy, if indicated, should never 
be performed in the field. 


Field Amputation 


The need for a prehospital amputation is a rare occur- 
rence (42). The indication for field amputation is the 
inability to extricate the patient by any other means or 
when the need for rapid extrication is paramount, such 
as in cases of impending secondary collapse, hazardous 
materials, or fire (1). Ideally, the decision that amputa- 
tion is the only option that exists should be made by 
two physicians who agree, in conjunction with the res- 
cue team. 

Although potentially life saving, performing an ampu- 
tation is a difficult procedure, and it results in significant 
long-term morbidity (1). The procedure may take place 
with inadequate analgesia or anesthesia. Hemorrhage is 
difficult to control, and the risk of infection and subse- 
quent sepsis is obvious. Field amputation requires training 
beyond the usual scope of surgical or emergency medical 
residency programs as it combines surgical skills with un- 
conventional medical approaches because of the confined 
and austere location of the casualty. 
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Psychoemotional Considerations 


By itself, responding to a disaster is a significantly 
stressful event. A response involving a collapsed structure 
with entrapped persons who are alive or, even worse, 
dead casualties is a tremendous burden, and it has the 
potential to place a significant psychological burden on 
performance. Extreme empathy is required when making 
contact with the trapped casualty. Prolonged relationships 
often develop as, for hours, the rescuer may be the 
casualty’s only contact with the world. 

Many medical response obstacles and risks are present 
for USAR personnel. Problems encountered include the 
loss of local infrastructure, the medical system chaos, 
delays in treatment, nonselective casualty processing, un- 
usual medical problems, and a race against time. The 
rescuers themselves labor under considerable risks, such 
as secondary collapse, hazardous materials exposure, aus- 
tere living conditions, long work hours, intense physical 
labor, and psychoemotional stress. Part of the responsibil- 
ity of the medical team is to ensure that team members are 
properly hydrated and fed and that they have obtained suf- 
ficient rest. Signs of stress need to be recognized and dealt 
with effectively so that the overall mission and safety of 
others are not compromised. Part of the overall plan of the 
medical team must include appropriate critical incident 
stress debriefing and defusing. These issues are covered in 
detail in Chapter 7. 


SUMMARY 


USAR represents a key component of the overall national 
capability to respond to disasters. In conjunction with 
the sciences of technical search and rescue, CSM prin- 
ciples provide improved outcomes for both trapped and 
untrapped casualties. Rapid response, rescue, and treat- 
ment as provided by the USAR team are initially based 
on the principle of the “golden day” understanding that 
the viability of trapped casualties declines rapidly after 
24 hours. Sophisticated care can be provided to trapped 
casualties with a focus on preventing the cardiac and renal 
complications associated with CI. 


ACKNOWLEDGMENTS 


We acknowledge Joseph Barbera, MD, for his foresight in 
recognizing the “Medical Response to Urban Search and 
Rescue”; Andy Jagoda, MD, for his guidance through the 
writing of this chapter; and Dario Gonzalez, who provided 
early assistance on this project. Any discussion on urban 
search and rescue would not be complete without giving 
our deepest sympathy to the entire urban search and 
rescue community for their efforts at the World Trade 


Center collapse and their eternal bond with the late 
Raymond Downey, who made the ultimate sacrifice on 
September 11, 2001. 


REFERENCES 


1. Federal Emergency Management Agency. FEMA USAR response 
system task force medical team training manual. Washington, DC: 
Federal Emergency Management Agency, 1993. 

2. Noji EK, Kelen GD, Oganessian A, et al. The 1988 earthquake in 
Soviet Armenia: a case study. Ann Emerg Med 1990;19:891-897. 

3. De Bruycker M, Greco D, Lechat ME. The 1980 earthquake in south- 
ern Italy: morbidity and mortality. Int J Epidemiol 1985;14:113-117. 

4. de Ville de Goyet C, Jeannee E. Epidemiological data on morbidity 
and mortality following the Guatemal earthquake. IRCS Med Sci Soc 
Med 1976;4:212. 

5. Kunkle RE. Emergency medical care in the underground environ- 
ment. J Wilderness Assoc Emerg Disaster Med 1986;10:54-55. 

6. Kunkle RE. Medical care of entrapped patients in confined spaces. 
International workshop on earthquake injury: epidemiology for 
mitigation and response. Baltimore: The Johns Hopkins University 
Press, 1989. 

7. Better OS, Stein JH. Early management of shock and prophylaxis 
of acute renal failure in traumatic rhabdomyolysis. N Engl JMed 
1990;322:825-829. 

8. Michaelson M. Crush injury and crush syndrome. World J Surg 
1992;16:899-903. 

9. Federal Emergency Management Agency. Urban search and rescue in 
the Crested Butte, Colorado, state bank following an explosion collapse. 
FA-120. Washington, DC: United States Fire Administration, 1992. 

10. Federal Emergency Management Agency. Urban search and rescue 
in New York City following a commercial building collapse. FA-121. 
Washington, DC: United States Fire Administration, 1992. 

11. Federal Emergency Management Agency. Urban search and rescue in 
Brownsville, Texas, following a commercial building collapse. FA-123. 
Washington, DC: United States Fire Administration, 1992. 

12. Federal Emergency Management Agency. Urban search and rescue 
in the Santa Cruz area following the Loma Prieta earthquake. FA-124. 
Washington, DC: United States Fire Administration, 1992. 

3. Federal Emergency Management Agency. Urban search and rescue 
in San Bernardino, California, following a major train derailment in 
a residential neighborhood. FA-125. Washington, DC: United States 
Fire Administration, 1992. 

14. Eberhart-Philips JE, Saunders TM, Robinson AL, et al. Profile of 
mortality from the 1989 Loma Prieta earthquake using coroner and 
medical examiner reports. Disasters 1994;18:160-170. 

5. Barbera JA, Macintyre A. Urban search and rescue. Emerg Med Clin 
North Am 1996;14:399-412. 

6. Barbera JA, Cadoux CG. Search, rescue and evacuation. Crit Care 
Clin 1991;7:321-337. 

17. Federal Emergency Management Agency. Technical rescue program 
development manual. Washington, DC: United States Fire Adminis- 
tration, 1995. 

18. Federal Emergency Management Agency. Urban search and rescue 
response system. In: Field operations guide. Washington, DC: Federal 
Emergency Management Agency, 1993. 

19. Alexander D. The health effects of earthquakes in the mid 1990s. 
Disasters 1996;20:231-247. 

20. Moede JD. Medical aspects of urban heavy rescue. Prehospital 
Disaster Med 1991;6:341-348. 

21. Mallonee S, Shariat S, Stennies G, et al. Physical injuries and 
fatalities resulting from the Oklahoma City bombing. JAMA 

1996;276:382-387. 

22. Sanchez-Carillo CI. Morbidity following Mexico City’s 1985 earth- 
quakes: clinical and epidemiological findings from hospitals and 
emergency units. Public Health Rep 1989:104:482-488. 

23. Zhi-Yong S. Medical support in the Tangshan earthquake: a review 
of the management of mass casualties and certain major injuries. 
J Trauma 1987;27:1130-1135. 


8. Urban Search and Rescue 85 


24. 


25. 


26. 


21: 


28. 


29. 


30. 


31. 


32. 


Hogan DE, Wackerle J, Dire DJ, et al. The emergency department 
impact of the Oklahoma City terrorist bombing. Ann Emerg Med 
1999;34:160-167. 

National Institute for Occupational Safety and Health. A guide to 
safety in confined spaces. Department of Health and Human Services 
publication 87-113. Washington, DC: United States Government 
Printing Office, 1987. 

Howard MJ, Brillman JC, Burkle FM. Infectious disease emergencies 
in disasters. Emerg Med Clin North Am 1996,14:413-428. 

Hell K. Characteristics of the ideal antibiotic for prevention of 
wound sepsis among military forces in the field. Rev Infect Dis 1991; 
13:S164-S169. 

Hodgetts TJ. Lessons from the Musgrave Park hospital bombing. 
Injury 1993;24:119-121. 

Fryberg ER, Tepas JJ HIT, Alexander RH. The 1983 Beirut airport 
terrorist bombing injury patterns and implications for disaster 
management. Am Surg 1989;55:134-141. 

Gans L, Kennedy T. Management of unique clinical entities in 
disaster medicine. Emerg Med Clin North Am 1996;14:301-326. 
Leibovici D, Gofrit ON, Stein M, et al. Blast injuries: bus versus 
open-air bombings—a comparative study of injuries in survivors of 
open-air versus confined-space explosions. J Trauma 1996;41:1030- 
1035. 

Koetter KP, Hilker T, Genzwuerker HV, et al. A randomized 
comparison of rescuer positions for intubation on the ground. 
Prehospital Emerg Care 1997;1:96-99. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Baxter PJ, Ing R, Falk H, et al. Mount St. Helens eruptions: the acute 
respiratory effects of volcanic ash in a North American community. 
Arch Environ Health 1983,38:138-143. 

Baxter PJ, Ing R, Falk H, et al. Mount St. Helens eruptions, May 
18 to June 12, 1980. An overview of the acute health impact. JAMA 
1981;246:2585-2589. 

Martin TR, Wehner AP, Butler J. Pulmonary toxicity of Mt. St. Helens 
volcanic ash. A review of experimental studies. Am Rev Respir Dis 
1983;128:158-162. 

Yong C, Tsoi K, Felbi C, et al. eds. The great Tangshan earthquake, 
1976. an anatomy of a disaster. New York: Pergamon Press, 1988. 
Wang CY, Yap BH, Delilkan AE. Meliodosis pneumonia and blast 
injury. Chest 1993;103:1897-1899. 

CDC. Physical health status of World Trade Center rescue and 
recovery workers and volunteers—New York City, July 2002—August 
2004. MMWR 2004:53:897-812. 

Klain M, Ricci E, Safar P, et al. Disaster reaminatology potentials: 
a structured interview study in Armenia. Prehospital Disaster Med 
1989:4:135-152. 

Resi ND, Michaelson M. Crush injury to the lower limb: treatment 
of local injury. J Bone Joint Surg Am 1986;68:414-418. 

Odeh M. The role of reperfusion-induced injury in the pathogenesis 
of the crush syndrome. N Engl J Med 1991;324:1417-1422. 

Kampen KE, Krohmer JR, Jones JS, et al. In-field extremity am- 
putation: prevalence and protocols in emergency medical services. 
Prehospital Disaster Med 1996,11:36-60. 


f Chapter 9 | 9 


Complex Humanitarian Emergencies 


Frederick M. Burkle 


“Human history becomes more and more a race between 
education and catastrophe.” 
H. G. Wells (1866-1946), Outline of History (1920) 


INTRODUCTION 


In past decades, armed conflicts and wars were primarily 
international in scope. Armies fought each other across 
the borders of existing nation states. In 1945, at the 
conclusion of World War II and the beginning of the 
Cold War, the United Nations (UN) Charter and other 
legal frameworks such as treaties, conventions, and 
covenants were written to address the consequences of 
these interstate wars. In the post-Cold War era, war and 
conflict have increasingly become an internal problem 
for fragile nation states as they have emerged from 
the control of colonial and repressive regimes. These 
disrupted states often suffer from inequalities in social, 
economic, and political development that are exacerbated 
by long-term ethnic, religious, and minority animosities 
and the fierce competition for existing resources. Once 
disrupted states deteriorate into war, they are commonly 
termed complex emergencies (CEs) because of the myriad 
causative characteristics that lead them into collapse. Zwi 
defines CEs as “situations in which the capacity to sustain 
livelihood and life are threatened primarily by political 
factors and, in particular, by high levels of violence” (1). 
In the 1990s, at least 38 conflicts, including events in 
northern Iraq, Somalia, Rwanda, the Congo, the former 
Yugoslavia, the Province of Kosovo, and East Timor, have 
been classified as CEs. 


Geopolitical Settings 


With the internal disruption of states comes the lack of re- 
sponsible authority and security that are needed to govern. 
National authorities, which are no longer in effective con- 
trol, compete with various warring factions, rebel groups, 
undisciplined gangs, and paramilitary forces. Common 
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characteristics of CEs are the erosion and the eventual de- 
struction of essential public health infrastructure, flagrant 
violations of human rights, and the forced migration of 
massive numbers of civilians, either as internally displaced 
populations or as refugees in a neighboring country. The 
legal frameworks developed during Cold War interstate 
conflicts do not apply well in these internal wars. The 
major confusion is grounded in the right of national 
sovereignty, a legal protection under the UN Charter that 
guarantees the inviolability of a nation’s border. As a con- 
sequence, the interpretation of basic human rights and 
protections are argued by many as equally inviolable, 
without regard for whether a conflict is internal (i.e., civil 
war) or external (i.e., interstate). Advocates of a universal 
human rights position argue that the UN Charter’s as- 
sumptions of sovereignty do not release states from the 
need to respect human rights. In fact, they suggest that 
states that are guilty of gross violations of human rights 
forgo their right to sovereignty. 


Disruption of Society 


The disruption of society inherent in a CE can have 
catastrophic consequences to the health of a nation (2). 
Civilians are the primary casualties of these conflicts, 
making up more than 80% of those killed, with children 
predominating—more than 3,000 children and adoles- 
cents were killed by snipers in Bosnia alone, and the 
abandoned or unaccompanied children in both Somalia 
and Rwanda numbered more than 100,000. Half of the 
residents of refugee camps today were born there. Girls 
are at the greatest risk of not receiving proper food or 
education, and they are prone to being abused, harassed, 
or raped. Boys as young as 6 years are conscripted out 
of these camps as child soldiers. The outcry from the in- 
ternational community usually forces some humanitarian 
intervention, but this response may be limited in scope 
and it may be defined primarily by political factors or the 
restrictions of existing laws. The goals of humanitarian 
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intervention are to stabilize and limit mortality and mor- 
bidity, to bring order to chaos, and to provide options for 
diplomatic mediation. 


Health Care Providers” Role 


For these reasons, health care providers have become ma- 
jor humanitarian actors in CEs by offering assistance to 
vulnerable groups, which are otherwise denied access to 
basic health care protections and other human rights. Vul- 
nerable groups are defined as “a section of the population, 
specifically infants, pregnant and lactating mothers, the 
elderly, the homeless,” and others who are particularly 
prone to be victims of illness and injury and who are likely 
to suffer most in a disaster (3). Unfortunately, CEs have 
proved to be more dangerous, longer lasting, and more 
widespread than was initially thought, thereby necessi- 
tating long-term commitments to vulnerable populations 
throughout the extended emergency, recovery, and reha- 
bilitation phases. These commitments are not performed 
without difficulty. As an example, although health care 
providers are making great advances in both understand- 
ing and responding to the complex health issues brought 
about by CEs, they have often been frustrated when they 
find themselves meeting the challenge to save lives only to 
see the situation sliding back into crisis again for reasons 
beyond their control (2). The provision of health care in 
these scenarios requires professionals who understand the 
broad international humanitarian system and how it func- 
tions. This includes a working knowledge of the major par- 
ticipants in CEs, international humanitarian law, assess- 
ments and epidemiology, malnutrition and communicable 
diseases, gender and reproductive issues, public health 
infrastructure, logistics and transportation, communica- 
tion, security, negotiations and mediation, and critical 
psychosocial and cross-cultural issues, to name just a few. 


MAJOR PARTICIPANTS 


Initial humanitarian requirements call for a massive logis- 
tical response to meet the needs for water, food, shelter, 
and medical and public health care and for provisions for 
civil order and security. No one agency or organization has 
these resources. The major participants, all of which have 
a vital role to play, include the UN and the UN agencies, 
nongovernmental organizations (NGOs), the International 
Committee of the Red Cross (ICRC), and coalition military 
forces. Both national governments and the UN are limited 
in their ability to provide direct aid to people in need in 
another country. Under international law they must deal 
directly with their governmental counterparts in the coun- 
try in question. Through international treaties and the UN 
Charter, certain UN agencies, NGOs, and the ICRC are 


specifically mandated under the right of intervention to as- 
sist vulnerable populations in all humanitarian situations. 


United Nations 


The UN functions as a treaty with an administration. 
It comprises many institutions that have roles and 
responsibilities in complex emergencies—the Security 
Council, the General Assembly, and the UN agencies (4). 
The UN is limited, under the Charter provisions for 
sovereignty, in its ability to respond to intrastate conflict. 
Because the country in conflict is usually a member nation 
of the UN, the offices of the Secretary General provide a 
means for negotiations and for conveying the pressure 
of international diplomacy. Peacekeeping operations that 
are covered in Chapter 6 of the UN Charter (5), include 
the use of observers and civilian personnel to monitor an 
accord or agreement and the deployment of peacekeeping 
(PK) troops or civil police under a Security Council 
resolution. Unfortunately, PK forces have enjoyed only 
limited success in controlling fragile peace processes 
before a formal agreement is signed, which has resulted in 
Security Council resolutions requiring Peace Enforcement 
Forces (covered in Chapter 7 of the UN Charter [5]) 
to be deployed to areas in conflict (e.g., Haiti, Kosovo, 
and East Timor). This development is significant, and 
it characterizes the evolution of intervention as moving 
purely from one of humanitarian assistance alone to one 
of recognition that nothing is resolved without a political 
solution, which may necessitate the added provision of 
military security and protection. 


United Nations Coalition Forces 


Duties of the UN coalition forces are usually limited to 
providing security, although they routinely supply the 
international relief system with heavy lift logistics, engi- 
neering, airfield operations, public health infrastructure 
repair, and even emergency health and food (e.g., air- 
drops) during times of conflict when the relief system is 
not yet operational. A certain degree of civil-military co- 
ordination and information sharing is required, especially 
under the umbrella of Peace Enforcement. This can be a 
problem for international organizations and NGOs, which 
must maintain the operational neutrality and impartiality 
required under international law. The UN uses open and 
transparent lateral organizations at the operational level 
for the coordination of policy issues (Humanitarian Oper- 
ations Centers) and of relief and security at the field level 
(Civil-Military Coordination Centers). 


United Nations Agencies 


UN agencies are independent of the Secretary General and 
the General Assembly, and they have mandates to meet 
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humanitarian needs under existing international law. The 
office of the UN High Commissioner for Refugees (UN- 
HCR), which is represented in more than 100 countries, 
is mandated to protect, repatriate, and resettle refugees 
who have fled across the borders from both interstate 
and intrastate wars. The UNHCR also has an increasing 
responsibility for coordinating assistance programs for 
the large number of internally displaced persons (17 mil- 
lion in 1999). The World Food Programme (WFP) is the 
food aid arm of the UN with the mission of providing 
emergency aid and long-term developmental assistance. 
The United Nations International Children’s Emergency 
Fund (UNICEF) provides assistance, particularly health, 
nutrition, and education, to children and women and to all 
victims of disaster. The emergency responsibilities of these 
and other UN agencies have been expanded tremendously 
because of CEs. The initial lack of operational experience, 
the inability to coordinate functions, and weakening bud- 
getary support has plagued UN agencies. Under recent UN 
reforms, an Office of the Coordinator of Humanitarian 
Affairs (OCHA) was organized to provide coordination of 
the UN humanitarian response. Coordination is imple- 
mented through an Emergency Relief Coordinator (ERC), 
the designation of a lead agency role for one of the UN 
agencies, and the provision of a coordinating and policy 
steering committee of representative UN agencies, NGOs, 
and the Red Cross (Fig. 9-1). 


Nongovernmental Organizations 


NGOs are best known for their work in developing 
countries. Their defining characteristics are that they 
are voluntary, independent, and not for profit. They vary 
in size, mission, and capability. With the onset of CEs, 
NGOs specializing in humanitarian relief have grown in 


Office of the Coordinator for Humanitarian Affairs (OCHA) 


Emergency Relief 
Coordinator (ERC) 


—” 


Inter-Agency Standing Committee (IASC) 


Coordination of complex emergencies 


UN Resident Humanitarian Lead agency 
Coordinator Coordinator (senior HA officer) 
(with UNDP) (crisis team) 


FIGURE 9-1. Organization of the Office of the Coordinator for 
Humanitarian Affairs. Abbreviation: UNDP, UN Development 
Programme; HA, Humanitarian Affairs. 


number. A count of NGOs in a sampling of CEs reveals 
28 in the refugee crisis in northern Iraq, 78 in Somalia, 
170 in Rwanda, 350 in Bosnia, and more than 700 in 
Haiti. With the increasing emphasis on emergency relief, 
governments, the UN, and private donors rely increasingly 
on NGOs to distribute the bulk of humanitarian aid on the 
ground. Currently, more than 90% of all relief assistance 
coordinated by the UN is implemented through NGOs. 

NGOs remain the only major component in the inter- 
national relief system that directly represents the interests 
of the civilian victims. NGOs may specialize in water 
and sanitation, food, shelter, and medical care and in 
specific vulnerable group activities, such as reproductive 
services for women and protective services and therapeu- 
tic feeding centers for children. Examples of NGOs that 
field medical and public health teams are Medecins sans 
Frontieres (MSF), International Medical Corps (IMC), In- 
ternational Rescue Committee (IRC), Merlin, and Doctors 
of the World. Advocacy NGOs promote human rights pro- 
tections and support efforts to uncover and record abuses 
(e.g., uncovering and documenting mass gravesites). In- 
digenous NGOs, which may be better able to represent 
local and traditional practices within developing coun- 
tries, now number more than 20,000 worldwide. These 
are frequently supported by and work in tandem with in- 
ternational NGOs from developed nations. 

The ICRC is an all-Swiss private institution mandated 
to respond, under international law (Geneva Conventions), 
to victims of war and conflict. It is the largest and the oldest 
of all international humanitarian organizations, and has 
involved wherever international or internal civil conflict is 
found. The ICRC functions, under authority mandated 
by the Geneva Convention, as a neutral intermediary 
to protect all victims. With its neutrality, impartiality, 
and independence (i.e., it is separate from all NGOs 
and other humanitarian organizations), the ICRC has a 
unique mandate to monitor the treatment of prisoners 
and to assist in finding, tracing, and protecting those 
missing as a result of conflict. The ICRC Medical Unit is 
well recognized and well respected for its capabilities in 
fielding hospitals during conflict and in the performance 
of war surgery (6,7). The Red Cross symbol is universally 
recognized and is easy to spot in the chaos of war. 
Unfortunately, the ICRC and its symbol has recently 
become a target of attacks. Violations such as these 
have further characterized CEs in this decade, and they 
highlight the seriousness of the security issues that 
all relief workers face. The predeployment education of all 
relief workers requires security and evacuation training 
similar to the one developed by the ICRC over the years. 

The International Federation of Red Cross and Red 
Crescent (IFRC) headquarters in Geneva represents the in- 
terests of all national Red Cross and Red Crescent Societies 
throughout the world. IFRC coordinates relief in natural 
disasters and assists refugees outside areas of conflict. 
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VVhen a conflict stabilizes and security is established, the 
ICRC turns over many assistance operations to the IFRC 
and NGOs. With the demand for services increasing in 
CEs, the IFRC’s international staff are frequently sec- 
onded to support ICRC activities in conflict areas. During 
such an ICRC operation in Chechnya, six IFRC workers 
were singled out and assassinated. 


MEDICAL AND PUBLIC HEALTH 
ASPECTS OF COMPLEX EMERGENCIES 


Epidemiology 


Burkholder and Toole (8) described CEs as having acute, 
late, and postemergency phases (Table 9-1), each of which 
is characterized by predictable patterns of health indica- 
tors and expected public health responses. If these patterns 
are addressed with appropriate management responses, a 
decline in mortality and morbidity and a shortening of the 
duration of each epidemiological phase will occur. In the 
developing country model, the acute phase is character- 
ized by high mortality rates for infants and those younger 
than 5 years from severe malnutrition and outbreaks of 
communicable disease. Brennan and Burkholder (9) sug- 
gest that the acute phase in developed countries (e.g., 
Yugoslavia, Chechnya) appears to be characterized more 
by violent trauma and malnutrition and the consequences 
of untreated chronic diseases in the elderly. 


Assessments 


Effective response to CEs requires timely, accurate 
public health information and data. The rationale for 


) TABLE 9-1 Phases of a Complex Emergency 


assessments is to provide objective information for plan- 
ning, prioritizing needs, implementing health programs, 
evaluating the relief process, and identifying health is- 
sues that need further investigation (10,11). Standard 
World Health Organization (WHO) (12) and Sphere (13) 
assessment protocols exist for natural and man-made 
disasters (12). The use of such standardized assessment 
protocols can help determine the magnitude of the emer- 
gency, the health and nutrition needs, the availability of 
local resources, and the need for external resources. An 
understanding of basic concepts in epidemiology and as- 
sessment and an appreciation of their critical role in CEs 
are essential for all decision makers. 


Malnutrition 


Protein-energy malnutrition (PEM) is the term used to 
describe clinical syndromes characterized by malnutrition 
and micronutrient deficiency diseases. These include the 
more traditional entities of marasmus (loss of fat and 
muscle), kwashiorkor (the presence of edema from protein 
loss), and the clinically frequent combination of the 
two (marasmic kwashiorkor). PEM recognizes that the 
malnourished are also prone to secondary infections that 
frequently lead to severe complications and death. 


Evaluation of Protein-Energy Malnutrition 


Defining the degrees of severity of PEM requires a 
means of and skill for measuring and assessing victims. 
Malnutrition usually manifests earliest in children because 
they have a greater growth rate with higher protein and 
caloric requirements. An arm muscle circumference of 


Parameter Acute Emergency Late Emergency Postemergency 
Time frame 0-1 mo 1-6 mo >6 mo 
Health profile High CMR Declining CMR Stable CMR 
High CFR “Village” profile 
Outbreaks of communicable disease 
Malnutrition 
Priority needs Food Security Expand self-sufficiency 
Water/sanitation Fuel 
Shelter Improve basic needs 
Public health General ration, possible elective Train community health workers Develop tuberculosis and mental 
interventions feeding Standardize treatment protocols health programs 


Measles immunization 


Expand HIS 


Expand MCH and STD programs 


HIS Develop rational drug supply 


Primary care clinics and outreach and 
ORT centers 


Begin MCH and STD programs 


United Nations Office of the Coordinator of Humanitarian Affairs (OCHA) organized to coordinate large-scale 


humanitarian emergencies. 


Abbreviation: CFR, case fatality rate; CMR, crude mortality rate; HIS, health information system; MCH, maternal and child 
health; ORT, oral rehydration therapy; STD, sexually transmitted disease. From Burkholder BT, Toole Mu. Evolution of 


complex emergencies. Lancet 1995,346:1012—1015, with permission. 
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less than the fifth percentile or less than 80% of the 
standard usually defines PEM in children. The mid-upper 
arm circumference (MUAC) is a stable measurement in 
children betvveen the age of 1 and 5, and it is easily 
performed on the left arm midpoint occurring between 
the tip of the olecranon and the tip of the shoulder. MUAC 
can also be used to assess adults. It serves as a screening 
tool in the initial rapid assessment for placing victims 
in one of the following three categories of PEM: severe, 
moderately severe, and minor. 

More sensitive indicators include the weight-for-height 
ratio and the Z score, which expresses a child’s weight 
as a multiple of the standard deviation of the reference 
population. Measurements of these indicators are usually 
used to follow up victims in the late and postemergency 
phases, and they require more time, resources, and 
training of relief personnel (14). 


Management of Protein-Energy Malnutrition 


All those who have been displaced from their food 
sources receive general rations that are coordinated by 
the WFP and implemented by NGOs. These rations 
completely meet requirements for caloric intake, protein, 
and essential vitamins. Supplementary rations provide 
additional calories and protein for identified vulnerable 
groups such as children and pregnant and lactating 
women. In addition, an effort is made to ensure delivery 
to the elderly and unaccompanied minors, who are at 
risk for decreased access to food. On the basis of PEM 
measurements, children are placed in feeding programs 
depending on their need, and they are not discharged 
until a percentage greater than 90% of the reference 
standard is reached. Feeding centers for the most severely 
malnourished require a therapeutic environment that can 
provide specially formulated and frequent (six or more 
per day) wet feedings and the ability to monitor and treat 
infectious disease complications. 

Most victims with PEM have anemia and a combination 
of micronutrient deficiencies, the most common of which 
are deficiencies of vitamins A, C, and Bı. Supplementation 
can be vital in reducing mortality and morbidity. Vitamin 
A supplementation has drastically reduced mortality from 
measles in some settings, and it is now universally rec- 
ommended. Vitamin A alone will decrease the mortality 
rate in starving children by up to 50%, and a measles 
vaccine program, a priority second only to the emergency 
provision of food, can save the lives of those at risk from 
starvation. Other causes of mortality in PEM include de- 
hydration, hypoglycemia, severe anemia, cardiac failure, 
and hypothermia. 


Communicable Diseases 


Traditionally, relief workers have worried about dis- 
ease epidemics in CEs. Of importance, however, is 


the realization that epidemics cannot be caused by 
pathogens that are not present, so public health ef- 
forts should concentrate on those pathogens endemic to 
each setting. Infectious disease epidemics in CEs can be 
caused by poor sanitation, poor nutrition, the destruc- 
tion of public health infrastructure, low immunization 
rates in the vulnerable populations, and overcrowding in 
refugee camps. 

The incidence of infectious disease is increased in 
all CEs taking place in developing countries in Africa. 
The major diseases are acute respiratory illnesses that 
often lead to pneumonia, and diarrheal diseases. Measles, 
malaria, meningitis, hepatitis, tuberculosis (TB), and skin 
infections are also common, and they may present as 
a severe complication of malnutrition. The conflict in 
Kosovo did not show an increase in the incidence of 
infectious disease, which, in part, was because of the early 
and extensive effort to control and manage the public 
health environment in refugee camps. The management of 
infectious diseases should first be directed toward primary 
prevention and the implementation of public health 
programs in water, sanitation, vector control, and health 
education (15,16). Infectious diseases must be confirmed 
by a reference laboratory (field deployable laboratories 
are often available). Implementing the WHO standards 
for clinical case definitions, case findings, outbreak 
investigations, and surveillance must be a coordinated 
activity of all involved relief programs. 

Other priorities include the rehabilitation of essential 
health services, surveillance studies, standard treatment 
protocols, the training of community health workers, vac- 
cinations based on strict WHO protocols and indications, 
a health information system, and a health care policy 
consistent with national guidelines. 


Critical Indicators in Support of Public 
Health Infrastructure 


Critical indicator categories are water, food, shelter, sani- 
tation, fuel, and health, and these represent international 
standards based on research and field trials (Table 9-2). 
They are essential for planning, logistics, assessment, and 
response (6,10,13). Many factors can contribute to the suc- 
cess or failure in meeting these guidelines. For example, 
in the Cambodian refugee camps on the border with Thai- 
land, the use of emergency transportation measures (e.g., 
barges, refurbished trains, and trucks) was necessary to 
ensure critical water supplies. The initial planning called 
for 100 L per person per day. Because of evaporation, 
spillage, and theft, only 20 L per person per day arrived at 
the campsites. In other CEs, raids on feeding centers, the 
diversion of convoy food to warring factions, washed out 
roads, and failures to plan for hospital and clinic needs 
and those of essential livestock have affected the ability of 
relief workers to respond to critical indicators. 
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) TABLE 9-2 Critical Indicator Categories 


VVater (in L/person/d) 
15L 
Minimum: 3-6 L 
With hygiene: 20 L 
Feeding centers: 25-30 
Health centers: 60 
Field hospitals: 150 (ICRC: 310) 
Food 
Suggested requirements: 1,900-2,200 kcal/person/d 
Minimum: 1,900 kcal/person/d 
General feeding rations—mainstay of relief effort 
Assume supplementary or therapeutic rations will be required 
for some vulnerable groups 
Dependent upon measures indicating malnutrition and 
micronutrient deficiencies 
15,000 tonne of food: feeds 1 million for 1 mo 
Grain: 85% 
Vegetable oil: 3% 
Beans/Protein: 12% 
Shelter 
Minimum living conditions 
3.5 m? floor area per person 
Minimum, inclusive of whole camp settlement 
30 m? per person 
Tents: family, six persons 
Traditional, fire resistant, low cost 
Blankets: one/person (wool and cotton) 
Plastic sheeting: one/household (woven and fire resistant) 
Water containers: one/household (five gallons) 
Cooking pots: two/household (with lids) 
Pot stirrer: one/household 
Soap: 200 g/person/mo 
Matches: critical item 


Abbreviation: ICRC, International Committee of the Red Cross. 


Triage 


The criteria in the triage process aim to improve the 
likelihood of recovery and to conserve scarce resources. 
In conventional emergency situations, triage is used 
to identify the sickest or the most seriously injured 
individuals and to treat them first. In disaster medicine, 
with limited resources, the emphasis will normally shift 
toward providing the greatest good for the greatest 
number. The method by which this is done is the triage 
process, and it results in decisions whereby injured 
persons whose care exceeds local capacities may be 
excluded from all but palliative measures. 

When a robust supply of resources, personnel, and 
opportunities for evacuation exists, the decision-making 
method for triage is based on the use of inclusion cri- 
teria. These criteria are the basis of basic and advanced 
cardiac and trauma life-support courses, and they use 
standardized protocols as guidelines for triage manage- 
ment. In these scenarios, the providers of care assume 


Sanitation 
Minimum for public: one latrine/50 persons 
Optimal: one latrine/20 persons 
15 m from water source (minimum) 
30 m from water source (preferable) 
Dependent upon type of soil 
Fuel 
1 kg of wood/person/d 
5-10 kg/household/d 
Refugees may forage >10 km/d for fuel 
Found locally or supplied 
Resources: kerosene, wood or peat, charcoal, stove 
Health 
Crude mortality rates (CMR): deaths per 10,000 persons/d 
Normal in developing countries: 0.3—0.6 
Range, 0.25—1.0; serious, >1.0; crisis, >2.0 
Primary objective of mission: diminish CMR 
CMR most sensitive measure of mission success 
Under age 5 (U5) mortality rate (UBMR) 
U5 age-group is most vulnerable 
U5 age-group is usually double that of CMR 
Normal: 0.6-2.0 
Serious: 2.0—4.0 
Crisis: >4.0 
Malnutrition indicators 
Mid upper-arm circumference 
Weight for height 
Z scores 
>20% malnourished: alarm! 
>30% malnourished: disaster! 


that resources and easy access exist at every echelon 
of care. 

Inclusion criteria-based triage is not always realistic in 
CEs. The epidemiological study of casualty care in CEs 
conducted by Coupland (17) clearly demonstrated that 
personnel, equipment, medical care, and evacuation are 
severely compromised. Hospitals are often insecure and 
easily overwhelmed, and they may lack water, electricity, 
and the capacity to resupply. In CEs, managing triage 
in terms of resource-driven exclusion criteria is more 
realistic. Triage personnel must have knowledge of the 
available resources and must make decisions accordingly. 
In Rwanda, for example, two expatriate surgical teams 
were faced with more than 20,000 casualties and limited 
resources. To ensure that the limited resources would be 
directed to those with a realistic chance of survival, the 
triage decision was to treat only those left standing, while 
providing little more than palliative care to the others. 

Triage should provide the most realistic opportunity 
to survive for those with a chance for survival (18). 
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Before the triage process begins, a mandatory step is for 
triage personnel and decision makers in a CE to meet to 
determine what resources are available and, on the basis 
of this knowledge, to determine what the criteria will 
be for a minimal qualification for survival. The minimal 
qualification criteria identify specific medical and surgical 
conditions (i.e., cardiac resuscitation) for which resources 
are not available; therefore, expending critical resources in 
their care would only compromise others. Such decisions 
from those who are more experienced will not be easily 
tolerated or fully understood by the uninitiated without 
education. Debriefing counseling should be offered for 
these persons. 

Strict adherence to exclusion and minimal qualifica- 
tion criteria is necessary. In the Rwandan refugee camps 
on the Tanzanian border, dysentery and cholera were 
prevalent and they caused many deaths. Oral rehydration 
salts, which are the mainstay of dehydration treatment 
for diarrhea and dehydration in developing countries, 
were in short supply as was personnel expertise. Initially, 
coordination failed, and some decision-making events al- 
lowed scarce resources to be expended on children with 
little chance of survival. In one instance, a severely mori- 
bund child died despite multiple resuscitation attempts, 
expending valuable personnel time and scarce fluid and 
medication resources. Later, the mother of the child also 
died for lack of timely resources, orphaning the three 
remaining children. In review, the mother’s death could 
probably have been prevented had the triage process been 
sensitive to minimal qualification for survival and exclu- 
sion criteria. 

Refugee camp triage is unique. Adequate equipment 
and field hospitals are rare before camps become es- 
tablished entities. Both inclusion and exclusion criteria 
are used, depending on the fluctuation of personnel, re- 
sources, patient access, and security indicators. In general, 
the triage process must be sensitive enough to seek out 
severe, treatable cases, especially those cases that pose 
a risk to an overcrowded refugee camp; and it must ex- 
clude chronic nonrisk patients. Recognizing the sentinel 
case of measles, bloody diarrhea, and a plague-like bubo 
has great significance. Mobile laboratories are essential 
to the triage process, and they are organized to identify 
critical infectious diseases endemic to the region. The 
triage process also functions to direct the proper sup- 
ply of resources, such as oral rehydration salts, specific 
antibiotics, and chlorine for safe water (7,17). Coupland 
further emphasizes that quality surgical outcomes in CEs 
are most dependent on good nursing care, hospital infras- 
tructure and supply, judicious preventive care, and initial 
patient access. 

All health resources in CEs are scarce; they are rarely 
expendable, and must be protected. Abdominal wounds 


causing low-velocity perforation without bleeding may 
fare well without abdominal exploration if circumstances 
require conservative management or operative delay. The 
nonoperative management of soft tissue wounds often 
benefits from tetanus antitoxin and antibiotics alone (17). 
ICRC’s decision to open a surgical facility in an area 
of conflict is subject to nonmedical considerations. For 
example, the degree of security available for staff may take 
precedence over surgical indications. This is especially 
true where warring factions have not demonstrated a 
respect for the rules of the Geneva Conventions that 
protect health care providers and facilities. Cross-cultural 
issues and deep-seated ethnic animosities may pressure 
the triage process to favor men over women or the military 
over civilians or to exclude totally (under threat) certain 
ethnic, minority, or religious groups. 


Psychosocial Issues 


Psychosocial issues, for victims and providers alike, 
have been neglected. Some common psychic trauma in 
victims are the loss of a loved one; physical injury, 
disability or disfigurement; destruction of a home or 
livelihood; persecution; detention; torture; imprisonment; 
witnessing atrocities; and sexual violence. Often multiple 
pathological conditions are found in each victim, with 
anxiety, depression, and post-traumatic stress disorder 
(PTSD) predominating (19-22). Multiple community- 
based interventions have been started in the former 
Yugoslavia and Kosovo, but few psychosocial programs 
have been initiated in developing countries. In addition, 
good cross-cultural data collection and case definitions 
are lacking. However, studies suggest that PTSD is a 
major problem and that suicide remains an unattended 
public health problem, especially in raped or abused 
women, long-term refugees, and the elderly. Interventions 
for children must take into account parental stresses. 
Traditional practices for healing must not be ignored. 
Sources of psychological stress in relief personnel in- 
clude personal loss, separation from family, culture shock, 
intense physical work, overwhelming responsibilities, aus- 
tere conditions, and illness. Managing stress in relief work- 
ers begins with predeployment screening and education, 
followed by field-based debriefing and finally by support 
groups and reintegration counseling on their return home. 


Reproductive Health and Women’s 
Issues 


Major advances have occurred in the recognition, advo- 
cacy, and management of gender-based issues in CEs (23- 
25). In particular, the Women’s Commission for Refugees 
and Children in New York, working with UN agencies and 
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NGOs, has actively advocated and produced management 
standards to protect women of all ages. Early assessments 
include attention to breast-feeding practices, requirements 
for traditional birth attendants, contraception programs, 
sexually transmitted disease case detection and manage- 
ment, sexual and gender violence prevention and counsel- 
ing, and the early initiation of women’s organizations and 
leadership, especially in refugee camps. 


FUTURE EXPECTATIONS 


The frequency of CEs will remain high for the next decade. 
More than 70 countries have predictive indicators for 
CE vulnerability. Small-scale conflicts average 25 to 35 a 
year, and they require political and economic efforts to 
prevent them from declining further (26). The UN reform 
movement has placed responsibility on the United Nations 
Development Programme (UNDP) for initiating preventive 
development programs with an emphasis on governance 
projects designed to educate fledgling states in democratic 
growth and management. UNDP has the responsibility for 
promoting disaster preparedness in developing countries. 
Research suggests that a useful barometer of stable 
governance is the measurement of the resilience of a 
nation in its response to a major disaster. 

Humanitarian assistance is rapidly moving from rural 
to urban settings as the Third World’s poor migrate to 
urban slums. The projected global population increase 
of more than 35% by 2020 will exacerbate some CEs, 
especially those that already have dense populations and 
those lacking a public health infrastructure. The lack of 
food and water security will contribute to the migration 
of populations. 

Some regions of the world, especially Asia, suffer 
environmental risks in water, air pollution, and too 
little arable land per capita. These risks do not stop 
at the border of neighboring countries, and they may 
lead to the migration of people for environmental and 
ecological insecurity reasons. Such migration may force 
governments to take military action (2). 

Natural disasters in the 1990s have worked to catalyze 
CEs (e.g., drought in Somalia). Natural disasters work to 
keep governments honest—disasters can demonstrate the 
efficacy of the public health infrastructure of a nation and 
can expose its vulnerabilities, causing political upheaval 
and civil unrest if the response is not what is expected 
(e.g., in earthquakes in Armenia, Turkey, and Columbia). 

A growing concern is the potential effect that terrorist 
events (including nuclear, chemical, and biological) might 
have in destabilizing a government and precipitating a 
CE. Managing the consequences of these events is be- 
yond the capacity of most nations. Both the potential for 


widespread public health consequences and the interna- 
tional multiagency response requirements are similar to 
those seen in CEs (2). 


SUMMARY 


Complex humanitarian emergencies are the ultimate 
challenge for disaster management and medicine. Health 
care management has shown great growth and maturity 
during the CEs of the 1990s. However, political factors 
and security risks continue to limit the capacity of 
the international relief community to respond. CEs 
are long-term events requiring both civil and military 
professional management. Health care professionals face 
great challenges in controlling communicable diseases, 
starvation, age-based and gender-based abuses, trauma 
care, and complex public health infrastructure loss. 
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Chapter 


Principles of Hospital 
Disaster Planning 


Erik Auf Der Heide 


“In preparing for battle I have always found that plans 
are useless, but planning is indispensable.” 
Dwight D. Eisenhower (1890-1969) 


The material in this chapter reflects solely the views of 
the author. It does not necessarily reflect the policies or 
recommendations of the Agency for Toxic Substances and 
Disease Registry or of the U.S. Department of Health and 
Human Services. Any reference to commercial products 
does not imply endorsement; it is provided solely as an 
example of what is available. 


OVERVIEW 


The purpose of this chapter is to outline the basic 
principles of hospital disaster planning. It differs from 
those in other textbooks on disaster and emergency 
medicine, as the emphasis is not so much on the clinical 
aspects of preparedness but rather on the organizational, 
social, and political aspects because these aspects are 
where most of the disaster response problems occur. This 
chapter also focuses not just on what ought to happen but 
rather on what actually happens in disasters and why it 
happens. 


Disaster planning is only as good as the assumptions on 
which it is based. Unfortunately, many of these assump- 
tions have been shown to be inaccurate or false when 
they have been subjected to empirical assessment (1,2). A 
great deal of planning is based on what is to be logically 
expected, but what is logical is not always what happens. 
To avoid this problem to the extent that one can, the in- 
formation found in this chapter has been culled from field 
research studies of hundreds of domestic disasters over 
the last few decades. However, anecdotal reports have also 
been used to illustrate the points from the research. 

This chapter will address primarily domestic, peacetime 
disasters because these are the types of events most likely 
to be faced by US hospitals. It points out more problems 
than solutions, which might prove somewhat frustrating to 
the disaster medical planner. Nevertheless, one hopes that, 
where no definitive answers are presented, an accurate 
perception of the problems will bring the solutions closer. 
In the meantime, some of the proposed solutions must be 
treated like hypotheses that still require testing. 

To cover completely the subject of hospital disaster 
planning in a single chapter of a book is impossible. 
Therefore, the reader should not be surprised that some 
important issues have been omitted. The author tried 
to select the most important material for inclusion, 
particularly that which has not been adequately covered 
in chapters of other books on disaster medical planning. 
For those who wish to pursue the topic in greater depth, 
a list of information sources is included at the end of 
this chapter. In addition, readers are referred to Disaster 
response: principles of preparation and coordination, which 
is now available at no charge on the Internet from 
http://www.coe-dmha.org/dr/flash.htm, and Community 
medical disaster planning and evaluation guide, which 
is available from the American College of Emergency 
Physicians (http://www.acep.org or by telephone at 1-800- 
798-1822 [press 6]). 
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VVhy is it Necessary for Hospitals 
to Plan Specifically for Disasters? 


Hospitals take care of emergencies every day, so why is 
additional planning specifically for disasters necessary? 
Some have argued that disasters are just like daily emer- 
gencies, only larger. Therefore, they conclude that the best 
disaster response is merely an expansion of the routine 
emergency response, supplemented by the mobilization of 
extra personnel, supplies, bed space, and equipment (2-5). 

However, years of field research on medical disaster 
responses has shown that this strategy is not success- 
ful because disasters are not simply large emergencies. 
Instead, disasters pose unique problems that require dif- 
ferent strategies. Disasters are not only quantitatively 
different, but they are also qualitatively different. For 
example, disasters tend to disrupt normal communica- 
tions systems (e.g., telephones and cellular telephones), 
damage transportation routes, and disable normal re- 
sponse facilities. As this chapter will illustrate, disaster 
response involves working with different people, solving 
different problems, and using different resources than 
those for routine emergencies (2,6-8). 

Fortunately, disasters in the United States are low- 
probability events. Paradoxically, this poses a problem for 
hospital planners because few planners have had enough 
disaster experience on which to base realistic and effec- 
tive plans. Furthermore, no nationally institutionalized 
process exists for collecting, analyzing, and disseminating 
the lessons learned from past disasters so that future plan- 
ning can benefit from them. This chapter is an effort to fill 
that need, at least in part. 

Finally, one should recognize that planning and re- 
sponse are different. Planning is an organized effort to 
anticipate what is likely to occur and to develop reasonable 
and cost-effective countermeasures. Response is the pro- 
cess of dealing with what actually happens, regardless of 
whether it was anticipated. When planning is effective, ad 
hoc, fly-by-the-seat-of-your-pants responses are reduced. 
However, the benefits of planning are relative, not abso- 
lute. Utopian planning efforts that seek to address every 
possible disaster contingency are simply not realistic. Even 
if these types of efforts were possible, the planners would 
never have the funding to implement them (6). Therefore, 
the goal of this chapter is somewhat limited—to identify 
for planners the most common problems and tasks they 
will face in virtually any disaster. 

Some believe that every disaster is unique, meaning that 
effective planning is not even possible. However, empirical 
disaster research studies have identified a number of prob- 
lems and tasks that appear to occur with predictable regu- 
larity, regardless of the disaster. These problems and tasks 
are the most amenable to planning. For example, almost 
every major disaster requires collecting information about 
the disaster and sharing it with the multiple agencies and 


institutions that become involved in the response. Other 
tasks include warning and evacuation, resource sharing, 
widespread search and rescue, triage, patient transport 
that efficiently utilizes area hospital assets, dealing with 
the press, and overall coordination of the response. Effec- 
tive planning involves identifying and planning for what is 
likely to happen in disasters. It also requires procedures for 
planned, coordinated improvisation to deal with those con- 
tingencies that have not been anticipated in the plan (6). 
(Details of this two-pronged approach will be discussed in 
more detail in this chapter.) 


The Paper Plan Syndrome 


Just because a hospital has completed a written plan does 
not mean the hospital is prepared for a disaster. Although 
a written plan is important, it is but one requirement for 
preparedness. In fact, a written plan can be an illusion 
of preparedness if other requirements are neglected. This 
illusion has been called the paper plan syndrome (2,6,9). To 
avoid the creation of impotent paper plans, the following 
must be true of the planning: 


m Based on valid assumptions about what happens in 
disasters (2) 

m Based on interorganizational perspective (Often, hospi- 
tals, as well as other emergency and disaster response 
organizations, plan in isolation, rather than collabo- 
rating with other agencies likely to become involved 
in the response [e.g., ambulance services, emergency 
management agencies, blood banks, 911 dispatchers, 
law enforcement agencies, fire departments, health de- 
partments, Red Cross personnel, news media, and other 
hospitals].) (2,10) 

m Accompanied by the provision of resources (time, 
funding, supplies, space, equipment, and personnel) 
to carry out the plans (6) 

m Associated with an effective training program so that 
users are familiar with the plan (10) 

m Acceptable to the end users (If the plan users are in- 
volved in the planning process, they are more likely to 
be familiar with the final product; to consider it practi- 
cal, realistic, and legitimate; and, most importantly, to 
use it.) (11,12) 


Failure to comply with these prerequisites may con- 
tribute to the development of disaster plans that are 
unworkable in practice, and it may explain why so of- 
ten the disaster response differs from what was prescribed 
in the plan (2,4,5,13-26). 


Example. Many hospital administrators concede 
that, although disaster plans are necessary for hos- 
pital accreditation, they are relatively unworkable in 
practice. As one administrator involved in a disas- 
ter stated, “I opened up our plan immediately after 
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we were notified, and it said that wards 4A and 4B 
would be the shock and resuscitation areas for all 
victims. That’s four floors up, and I said ‘We're for- 
getting the disaster plan completely, this is the way 
we are going to run it,’ and we ran it from that point 
on our own...” (15). 


Example: Earthquake, Coalinga, California, 
1983. “On the day of the disaster, the plan seemed 
wholly inadequate. Cooperation of the many juris- 
dictions necessary to meld a common disaster plan 
for a large community was extremely difficult. The 
paramedics drill their disaster responses, the hos- 
pitals drill their interhospital responses, and the 
multiple agencies drill both individually and col- 
lectively. However, on the day of the disaster, the 
various resources often seemed to be functioning 
with very independent plans” (27). 


Example: The DC-10 Air Crash, Dallas-Fort 
Worth International Airport, 1985. “This was the 
first major airline disaster that was experienced in 
the Dallas area, and many of the components of 
the disaster plan failed.” Because the telephone cir- 
cuits were jammed and no radio communications 
were available to use as an alternate means of infor- 
mation sharing, adequate communications between 
the scene and area hospitals were not possible for 
hours. Communications were also complicated be- 
cause the city, county, and airport all had different 
disaster plans (a problem that still exists). Because 
of the communications problem, early confusion ex- 
isted as to whether a disaster actually had occurred. 
The hospital disaster response was first initiated 
by medical personnel, but it was aborted by the 
administration. The local broadcast radio stations 
announced the disaster before adequate medical in- 
formation was available. They also wanted access to 
information from the hospital. However, the disas- 
ter plan had not identified an organized approach 
for information release (5). 


Example: Radiation leak, Three Mile Island, 
1979. When a radiation leak occurred in 1979 at the 
Three Mile Island nuclear plant, the health care sys- 
tem was ill prepared to deal with a community-wide 
evacuation. Area hospitals found existing disaster 
plans inadequate, and therefore they developed evac- 
uation plans both spontaneously and in concert with 
local emergency management agencies. No plans 
existed for area-wide evacuation of hospitalized pa- 
tients (28). 


In a study of 29 US disasters, the University of 
Delaware’s Disaster Research Center found that, in most 
cases, the disaster plan was not followed to any great 
extent. One of the reasons this occurred was that key 


personnel did not fully understand the plan or know their 
role in it. Another reason was that common disaster prob- 
lems were not anticipated by the plan. Triage occurred 
according to plan in only one-third of the cases they 
studied. In fewer than half of the cases, casualties were 
transported to the hospital according to the plan; more- 
over, a predesignated communications plan was followed 
in only 21% of the cases (2). 

According to a 1979 report (29), city managers and 
county executives think that state and federal disaster 
agencies require very complicated and lengthy disaster 
plans. City managers said they had read their plan once 
and did not know where it was now and that they 
would not use it in a disaster anyway. In many cases, 
these plans are developed in isolation by a single person 
with minimal involvement from key emergency response 
organizations because the operational goal is simply to 
comply with federal disaster planning requirements. As 
a result, the procedures of different organizations do not 
form a coordinated management system (1). 


Example: 1989 San Francisco Bay Earthquake. 
A study conducted in the aftermath of the 1989 
San Francisco Bay area earthquake revealed that, 
although 46 of 49 (94%) hospital emergency de- 
partment nurses and 35 of 49 (71%) emergency 
department physicians knew the location of the 
emergency department disaster plan, only 15 (31%) 
of the emergency nurses and 13 (27%) of the emer- 
gency physicians in hospitals impacted by the quake 
referred to the plan during the disaster (30). 


Disaster planning is further complicated by the fact that 
many emergency departments are staffed with part-time 
emergency physicians, and these physicians frequently 
work at more than one hospital. As a result, physicians are 
sometimes unfamiliar with the staff, hospital procedures, 
and the disaster plan. During the 1989 earthquake in the 
San Francisco Bay area, one physician reported to her 
second shift at an urban hospital where she could not 
even locate the cafeteria, to find that she was designated 
to be in charge of the disaster with a plan she had never 
seen in any hospital (30). 


Importance of the Planning Process 


A frequently overlooked but important factor in disaster 
planning is the planning process. Often, the process 
of planning is more important than the written document 
that results from it. This is not only because those who 
participate in the planning process are more likely to 
accept the final product as legitimate and practical but 
also because of the personal contacts that result. A number 
of researchers have observed that predisaster contacts 
among members of emergency response organizations 
result in smoother operations when disaster strikes. Even 
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informal contacts have been said to have this effect. 
Organizations and their personnel are more likely to 
interface successfully if they do not have to do so vvith 
total strangers. Furthermore, in the process of planning, 
the participants develop a trust in one another, and 
they also become more familiar vvith the roles of other 
individuals and organizations in the response. Finally, 
during the planning process, one learns how one’s actions 
in a disaster might enhance or detract from the ability of 
others to carry out crucial activities (3,6,10,11,31-36). 


Importance of Administrative 
Commitment and the Provision 

of the Resources Necessary to Carry 
out the Plan 


Success in any organizational endeavor hinges on the ex- 
tent to which the chief executive officer is committed to 
that success; disaster preparedness is no exception. To 
gain the attention, respect, and cooperation of organiza- 
tion members, disaster planning needs to be given the 
necessary status, authority, and support. Unfortunately, 
the disaster planning task is often relegated to a posi- 
tion of low status within the administrative hierarchy and 
is isolated from any existing sources of political power 
and from priority-setting, budgeting, and decision-making 
processes (1,19,37-39). 

One of the reasons things so often do not go according 
to plan when disasters strike is the failure to provide 
the resources (e.g., personnel, time, money, equipment, 
supplies, and facilities) necessary to make the plan work. 
Plans might be developed without funding for equipment 
and supplies. Time and money might not be budgeted for 
the development of disaster training programs or for the 
overtime needed for training or drills. Persons assigned 
disaster planning tasks might still be expected to carry out 
all of their regularly assigned duties, and they may receive 
little remuneration or recognition for their extra efforts. 
One should not be surprised that organizations that allow 
planning to occur in this context get what they pay for. 
If preparedness efforts are to result in more than paper 
plans, the planning process must be tied to the resources 
necessary to carry out the mandate (4,29,38,40-43). 


OBSERVATIONS FROM THE RESEARCH 
LITERATURE 


Complacency toward Planning 


Hospital disaster planners must face the reality that disas- 
ter planning is not always met with enthusiasm (1,6,24,44). 
Although the theoretical value of planning for disasters 
is accepted to some degree by the medical community, 
implementation is not typically given much priority (2). 


Often, getting chief executive officers and organizational 
members to support disaster preparedness is more diffi- 
cult than developing the disaster countermeasures them- 
selves (6). 


Example: Hurricane Agnes. In 1972, the Wilkes- 
Barre area, Pennsylvania, was flooded by the rem- 
nants of Hurricane Agnes. The floodwaters damaged 
the offices of 130 (43%) of the area’s 300 physicians, 
55 dentistry offices, and 50 pharmacies and public 
health structures. In addition, two hospitals and five 
nursing homes had to be evacuated. Medical records 
were destroyed, pharmacies were inundated, and all 
lines of communications were out of order. The loss 
of the area’s backup disaster communications equip- 
ment, which had been stored in the basement of the 
civil defense building, compounded the problem. 
This building, located on the riverbank, was one of 
the first areas to be flooded. Wilkes-Barre is in a flood 
plain, and it had been flooded in 1784, 1786, 1842, 
1846, 1850, 1865, 1893, 1901, 1902, 1936, and 1955. 
Despite this history, no comprehensive, coordinated 
plan existed to guide these health care institutions or 
professionals at the time of the 1972 calamity (45). 


A number of reasons can be found for this lack of 
support for disaster preparedness activities. First, some of 
those involved in routine emergency responses believe that 
they already know what to do because they see disaster 
response as merely an expansion of daily emergency 
response. 

Second, disasters are low-probability events. Ameri- 
cans tend to dismiss major disasters as something that 
is unlikely to happen, that is going to happen to some- 
one else, or that is going to happen on someone else’s 
watch (46). As the renowned disaster researcher Thomas 
Drabek of the University of Denver states, “The statis- 
tical probability is that when a disaster strikes, it will 
strike elsewhere—primarily because there is so much “else- 
where” (31). The improbability of occurrence is especially 
true with regard to large-scale disasters in the United 
States. Auf der Heide (6) reported that only six peacetime 
disasters in the entire history of the country have resulted 
in more than 1,000 fatalities. These included the following: 


m 1865—Steamship Sultana explosion, Mississippi River, 
near Memphis, Tennessee (1,547 deaths) 

m 1871—Forest fire, Peshtigo, Wisconson (1,182 deaths) 

m 1889—Flash flood, Johnstown, Pennsylvania (>2,200 
deaths) 

m 1900—Hurricane, Galveston Island, Texas (>5,000 
deaths) 

m 1904—Fire on the steamship General Slocum on the 
East River, New York (>1,021 deaths) 

m 1928—Hurricane, Lake Okeechobee, Florida (>2,000 
deaths) 
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Another disaster that should be added to this list is 
the 1918 flu pandemic that caused 500,000 deaths in 
the United States (47). Approximately 10 to 15 disasters 
a year cause more than 40 injuries (48). The risk of 
death from a disaster (1 per 100 billion person-hours 
of exposure) pales in comparison with that for deaths 
due to tobacco use (50 per 100 billion person-hours) 
or automobile crashes (100,000 per 100 billion person- 
hours) (49,50). These figures are given not to downplay the 
need for hospital disaster programs but rather to illustrate 
the difficulty in mobilizing resources for readiness-related 
efforts. Those areas of the country with the most extensive 
preparedness are those exposed to recurrent seasonal 
threats from floods, hurricanes, and tornadoes. Probably 
the greatest single incentive for disaster preparedness is 
the occurrence of a disaster. In fact, the statement has 
been made that the interest in disaster preparedness is 
proportional to the recency, magnitude, and proximity of 
the last disaster (5,6,18,25,33,35,38,43,51). 

Third, hospital administrators must deal with other 
competing daily priorities. For many hospitals, the most 
pressing crisis is surviving the next fiscal quarter. Hospitals 
are increasingly faced with cutbacks in health insurance 
reimbursements, as well as with reductions or freezes in 
federal, state, and local funding. At the same time, hospi- 
tals must deal with increasing numbers of uninsured and 
underinsured patients who are sicker and who have fewer 
coping resources (52). The extent of this adverse fiscal cli- 
mate is illustrated by the $655 million budgetary shortfall 
faced by the Los Angeles County Health Department in the 
summer of 1995. Only a federal bailout prevented the clo- 
sure of the Los Angeles County—University of Southern 
California Medical Center, the nation’s largest and busiest 
hospital and provider of care to 28% of the major trauma 
victims in the county (53). In the face of these financial 
problems, a prospective mechanism for funding hospital 
disaster preparedness is nonexistent. 

Fourth, assessing the risks from potential disasters and 
determining the benefits of disaster management efforts 
are difficult at best. Because disasters are unexpected and 
unique, some have the view that planning is either useless 
or that it is lacking in cost-effectiveness. Often, the benefits 
of preparedness are not obvious until after a disaster 
occurs. In times of economic constraints, programs whose 
benefits cannot be clearly demonstrated tend to get short 
shrift on the list of budgetary priorities (6,54). The problem 
of competing budgetary priorities is compounded by 
the lack of federal, state, and insurance-based funding 
mechanisms for health sector disaster readiness efforts. 
This lack of funding might be partially due to the 
widespread American attitude that the best government 
is the least government and that one of the best tools to 
achieve this objective is to reduce taxes (33). 

The monetary issue is illustrated by the following 
hypothetical question: if you were a hospital administrator 


who received a $100,000 budgetary surplus, would you 
spend it on disaster preparedness that may never save 
a life or would you allocate it for the purchase of new 
imaging equipment with which you could start saving 
lives tomorrow and for which your institution will be fully 
reimbursed? 


Planning Assumptions 


The value of planning is in its ability to anticipate the 
problems that are likely to be faced in a disaster and 
to develop realistic, cost-effective, and practical counter- 
measures. It should not be surprising to find that, if likely 
problems are not anticipated, the plans will not be very 
useful. Furthermore, if planning is based on invalid as- 
sumptions, it may not succeed in guiding an effective 
response. Planners might, for example, assume the fol- 
lowing: 


m A shortage of supplies and medical personnel will exist. 

m Hospitals will receive prompt notification after disaster 
occurs. 

m Responding emergency medical service (EMS) units 
will triage the victims, provide stabilizing first aid or 
medical care, and then distribute casualties in such a 
manner that no one hospital is inordinately overloaded. 

m Patients needing specialized care (e.g., hazardous ma- 
terials decontamination or burn care) will be sent 
to hospitals that have the capacity to deal with pa- 
tients’ conditions. 


Hospitals might reasonably assume that these activities 
will occur because they are written in the disaster plan. 
However, numerous field disaster studies and after-action 
critiques have demonstrated that these and other planning 
assumptions, on which hospital disaster planning is based, 
are often inaccurate or untrue (2). 

Another common planning assumption is that disasters 
are similar to daily emergencies, except for the extreme 
shortages of response resources. In fact, disasters are 
often defined as emergencies that exceed the available 
resources to deal with them (6). Although this definition 
might hold true for disasters in underdeveloped countries 
or in military conflicts, this is uncommon in domestic 
peacetime disasters. Numerous events in the United 
States that have been called disasters have not been 
characterized by severe shortages of community medical 
resources (31,55,56). 

In a study of 29 mass casualty disasters in the United 
States and its territories, the Disaster Research Center 
found that only 6% of the hospitals had supply shortages 
and that 2% had shortages of personnel. Many hospitals 
reported that they had more regular staff and medical 
volunteers than they could effectively use (2). 


Example: 1989 San Francisco Bay Earthquake. A 
report by the California Association of Hospitals 
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and Health Systems on the 1989 San Francisco 
Bay area earthquake, commonly referred to as 
the Loma Priem earthquake, included this remark, 
“Hospitals did not experience an initial shortage of 
staff, and in some cases there vvas even an initial 
overflow of staff due to staff voluntarily returning 
to the hospital” (25). Of 54 hospital administrators 
interviewed after the earthquake, 51 (94%) reported 
adequate supplies during the earthquake period, and 
47 administrators stated that they had adequate 
supplies for the week following the earthquake (30). 


Example: Sioux City United Airlines Crash, 1989. 
In July 1989, when United Airlines Flight 232 
suffered an engine failure accompanied by a loss 
of all hydraulic control, it crash-landed at the 
Sioux City Airport and cartwheeled into an adjacent 
cornfield. As a result of the crash, 193 survivors 
were transported to St. Luke’s Regional Medical 
Center and the Marian Health Center. Of these 
victims, 59 were admitted to one of the two 
hospitals. On hearing of the crash, approximately 
100 physicians closed their offices and responded 
to the hospitals. Six physicians went directly to 
the scene to help there. In addition, nearly 300 
nurses, other specialists, and volunteers waited at 
the hospitals to help with the incoming casualties. 
In this situation, an abundance of both medical 
supplies and personnel was available (57-59). 


Example: Oklahoma City Bombing, 1995. When 
a bomb exploded in front of the Murrah Federal 
Building in Oklahoma City in 1995, a call went out 
over the news media early in the disaster for ev- 
eryone with medical training to report to various 
locations in town. The state’s medical community 
responded in force. Neonatal nurses from Tulsa 
drove 2 hours to help care for the many injured 
children they had heard about. Every type of health 
care provider from physical therapists to neuro- 
surgeons arrived to help. Local hospital emergency 
departments were quickly inundated with medical 
personnel wanting to offer assistance. St. Anthony’s 
Hospital, closest to the scene, received the most 
casualties, but it had more than 500 medical per- 
sonnel on hand to treat them. Approximately 100 
physicians ended up treating fewer than 50 patients 
at any given time. At least one or two physicians 
and several nurses were providing care to each pa- 
tient (60-63). 


Because disasters are believed to be defined by the lack 
of resources, the emphasis of planning and response is 
often placed on the indiscriminate mobilization of large 
numbers of extra resources. Unfortunately, the establish- 
ment of procedures and mechanisms to coordinate these 


resources is frequently neglected (64,65). When resources 
are present in greater amounts than are needed, their pres- 
ence can greatly complicate the already difficult problems 
of coordination and communication. In the more extreme 
cases, an excessive influx of resources has even been ob- 
served to impede physically effective response activity 
during the disaster (6). 


Example. Nine minutes after a tornado hit, an am- 
bulance was dispatched to the scene. The emergency 
medical technician on board reported back, saying 
“Send everything available, it’s a big one.” As a result, 
ambulances arrived from all over the state. However, 
the assessment was wrong, and outside ambulances 
were not needed at all. Three times the number of 
ambulances necessary responded, many of which 
got flat tires and blocked the roadways (2). 


Example. When an airliner crashed in Kenner, 
Louisiana, in 1982, unsolicited ambulance and 
rescue units came from as far as 70 miles away. The 
response also included 14 helicopters, 42 doctors, 
and 100 nurses. Approximately 200 police arrived, 
parked their vehicles, and proceeded on foot to 
the scene. The police created a crowd problem for 
rescue personnel, and the parked police cars blocked 
incoming fire trucks and ambulances. All this was for 
just four seriously injured survivors from the crash. 
Local command personnel were unaware that these 
response resources were coming, and, therefore, 
they could not cancel their response. Although 
the response was well intentioned, the flood of 
emergency personnel and equipment overwhelmed 
site authorities, making management and control 


difficult (66). 


Certainly, resource shortages can occur at any given 
time or place in a disaster. However, in the United 
States, more often than not, overall community medical 
resources are sufficient; but they must be used in different 
ways than during routine, daily emergencies. One of the 
reasons that disaster medical resources are not strained 
as much as one would expect is because disasters in the 
United States have been relatively small in comparison to 
those in other parts of the world. In addition, the United 
States is also comparatively well endowed with medical 
infrastructure (6,55). 

One factor enhancing available medical resources in 
disasters is that most hospitals operate on a 24-hour 
basis. In a crisis, therefore, many hospitals can rapidly 
double or triple their available staff by calling in off- 
duty personnel (4,67). In fact, most off-duty staff do 
not have to be formally called back to duty; they will 
report to their hospitals on their own without being 
asked (33,38,56,68-72). In addition, physicians, nurses, 
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and other medical professionals not on the hospital staff 
vvill shovv up to volunteer their services (33,57,69,73-75). 

The assumption that emergency response personnel 
will abandon their professional responsibilities to attend 
to their families in disasters contributes to the belief that 
disasters are resource-deficiency phenomenon. However, 
field studies have not borne out that such professional 
role abandonment is common. The few who must choose 
family over professional emergency responsibilities are 
more than made up for by the large numbers of volunteers 
and off-duty staff who spontaneously show up and offer 
help (7,38,64). 


Lack of Hospital Notification 
and Information on Casualties 


Most community hospital and emergency medical disaster 
plans assume that timely and appropriate information 
will be received from the disaster site. Information on the 
nature and scope of the disaster will allow responders to 
prioritize the use of available resources and to mobilize 
the appropriate numbers and types of resources when and 
where they are needed. For the medical response, essential 
information includes (a) estimates of the numbers, types, 
and severities of illnesses or injuries and (b) the current 
abilities of medical facilities (e.g., hospitals) to accept 
and treat casualties. This information can be used to 
facilitate the distribution of casualties so as to spread 
the patient load among area hospitals so that no single 
facility is overwhelmed (2,14). Although most casualties 
will bring themselves to the closest or most familiar 
hospitals by nonambulance transport, the availability of 
the information in the preceding text can still guide 
the destination of patients transported by ambulances 
over which local authorities may still have control. For 
example, if hospitals closest to the scene are being 
overloaded with patients transported by private vehicles, 
ambulances can be instructed to avoid those hospitals. 

However, the evidence suggests that such information 
flow to hospitals usually does not occur. At least in part, 
this might be due to the fact that few plans actually 
specify who has the responsibility for such assessment or 
how exactly needs assessment at the scene will be carried 
out (2,5,14,23,76,77). In one study of 29 US disasters in 
the late 1970s, researchers found that communications 
from the disaster site to any hospital occurred in fewer 
than one-third of the cases (2). However, even when such 
communication does occur, it frequently does not include 
critical information on the numbers, types, and severities 
of casualties to expect (2,68). In fact, many hospitals 
learn about the disaster from the mass media, the first 
arriving casualties, or ambulances rather than from official 
sources (2,13,14,17,25,30,56,63,68-70,74,78-86). 

An overall needs assessment is unlikely to occur 
when coordination and control at the scene have not 


been accomplished, and for coordination and control 
to occur early in a disaster response is rare (more on 
this later). Although individual agencies might attempt 
to collect information, more often than not they use it 
to address their own agency-specific tactical needs. Both 
the pooling of observations among agencies to develop an 
overall strategic needs assessment and the transmission 
of assessment results to all who need this information are 
uncommon (2,14). 

Compared with the situation in daily emergency 
responses, overall scene assessment is often complicated 
in disasters when the scene is very large, when multiple 
disaster sites exist, when streets are strewn with debris that 
inhibits access, and when emergency medical agencies 
have not been integrated into the response. The process is 
further complicated when, as so often happens, multiple 
agencies with overlapping jurisdictional authority from 
different levels of government and the private sector 
respond (6,87). 


Lack of Interagency Radio 
Communications Networks 


Lack of adequate information flow to hospitals might oc- 
cur because existing radio equipment has been damaged 
or even because the harried emergency department staff 
has turned down the volume so as not to be bothered 
by its incessant noise. However, in many cases, the lack 
of information sharing occurs because many emergency 
response agencies, including hospitals, ambulance ser- 
vices, health departments, emergency management and 
disaster agencies, and dispatch centers, do not have mu- 
tually compatible radio networks or procedures to share 
needs assessment information. In other cases, lack of in- 
formation results because communication to hospitals by 
dispatchers and outside emergency response organiza- 
tions depends on telephones (28,58,61,88,89). 

Unfortunately, even if telephone lines are left intact 
by the disaster, the circuits will almost certainly be over- 
loaded and unusable (61,69,88,89). Although emergency 
response organizations such as hospitals can arrange to 
receive priority with the telephone company when the 
telephone lines are jammed, little evidence shows that 
most hospitals take advantage of this option (or that 
they even know it exists). In recent years, as the use 
of cellular telephones has greatly increased, cellular tele- 
phone connections have become the victim of the same 
types of communications overload that wire-based tele- 
phones encounter in disasters (33,58,61,90-92). Because 
wire-based and cellular telephones are unreliable in dis- 
asters, interorganizational information flow requires that 
emergency response organizations have common, mutual 
aid radio frequencies on which to carry out two-way com- 
munications. This lesson is learned over and over again in 
disasters (5,28,33,61,88,93-96). 
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Although mutual aid radio networks are important, 
disaster researchers have reported that most communica- 
tion problems are people problems rather than equipment 
problems. For effective disaster communications to oc- 
cur, the person vvho is responsible for collecting critical 
information, the person who needs this information but 
does not have it, and the method for getting the informa- 
tion to them promptly using terminology that is mutually 
understood must be clearly delineated. For example, in 
a hazardous chemical spill, the hospital needs to knovv 
the identity of the chemical, the numbers of casualties be- 
ing transported, the severity of their symptoms, and their 
estimated time of arrival. Hovvever, firefighters and am- 
bulance crevvs at the scene may never have received any 
training that tells them who is responsible for collecting 
and relaying this information. No amount of communi- 
cations hardware can solve this kind of issue (6,97). The 
responsibilities for these communications tasks need to 
be set in the community-wide disaster plan and included 
in disaster training programs and exercises. 


Responders are Different in Disasters 
than in Routine Emergencies 


One common observation in disasters is that those who 
respond to them are often different than those who are 
dispatched to routine, daily emergencies. Responders in 
surrounding communities will hear about the incident on 
their police scanners or from news broadcasts. In many 
instances, the initial reports are greatly exaggerated and 
confused. Often, determining if outside help is actually 
needed is extremely difficult—not only because of the 
problems with telephone lines and mutual aid frequencies 
mentioned earlier but also because information on who 
(if anyone) is in charge of the scene and who will know 
if outside help is needed may not be clear. Assuming that 
too much help is better than too little, emergency units 
will respond on an unsolicited basis from many miles 
away, even from other states. Local authorities might 
be completely unaware of what outside help is coming, 
much less be prepared to integrate it into the response 
effort (6,55). 


Example: Coalinga, California Earthquake, 1983. 
In 1983, an earthquake measuring 6.5 on the Richter 
scale struck the small town of Coalinga (popula- 
tion, 7,000) in Central California. Word went out 
through amateur radio that this was the “Big One,” 
with requests to “send everything you ve got.” Thirty 
ambulances and five helicopters responded from 
as far away as San Francisco, which is 100 miles 
away. None had been officially requested, none 
were actually needed, and some left their commu- 
nities without ambulance coverage during their re- 
sponse (27,98). 


Example: Sioux City United Airlines Crash, 1989. 
In the 1989 Sioux City air crash, all 14 of the county's 
basic life support ambulances were dispatched to the 
scene. Approximately 80 on-duty and off-duty Sioux 
City firefighters arrived to help at the crash site (58). 
Approximately 250 troops at the Air National Guard 
Base adjacent to the airport for a scheduled drill 
responded to the scene (99). The state emergency op- 
erations center dispatched six Army National Guard 
helicopters from Boon, Iowa, near Des Moines. A 
statewide law enforcement agency teletype mes- 
sage requested that ambulances within a reasonable 
distance respond to the disaster (58). Thirty-five am- 
bulances from 29 communities, along with four 
civilian EMS helicopters, responded from as far 
away as 70 miles from Iowa, Nebraska, and South 
Dakota. The response included 20 paramedics, 100 
basic emergency medical technicians, and 40 out- 
side fire departments (58,59,99). More ambulances 
responded than were actually needed. During the 
after-action critique, the concern that the law en- 
forcement teletype request for ambulances was too 
vague and that it might have left some counties 
without adequate ambulance coverage during the 
disaster response was expressed (58). 


Effects of Bystander Volunteers 


To complicate matters further, most of the initial re- 
sponse (e.g., search and rescue) is not carried out by 
trained emergency personnel, but is rather conducted 
by civilian bystanders who happen to be in the area. 
These bystanders might include family members, friends, 
neighbors, coworkers, and even those who are complete 
strangers to the victims (6,55,100,101) (Fig. 10-1). 


Example: San Francisco Bay Earthquake, 1989. 
In 1989, an earthquake measuring 7.1 on the Richter 
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FIGURE 10-1. Search and rescue by bystander volunteers. 
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scale struck the San Francisco Bay area. A random 
survey revealed that 3% of the residents of San 
Francisco county and approximately 5% of the 
residents of Santa Cruz county engaged in search 
and rescue activities. This amounted to more than 
31,000 persons (102). 


Example: Earthquake in Tangshan, China, 1976. 
In 1976, Tangshan, China, was hit by an earthquake 
measuring 7.8 on the Richter scale. The earthquake 
killed 240,000 persons. Approximately 200,000 to 
300,000 survivors extricated themselves from the 
rubble and went on to rescue others. The survivors 
were credited with 80% of the rescue of those who 
were still buried (103). 


For disaster victims with life-threatening injuries and 
illnesses, the time until arrival at the hospital is not the 
most important factor in survival. Rather, the time until 
the victims receive the appropriate definitive medical care 
is crucial. For example, when a disaster victim is critically 
injured, shortening the time from injury to arrival at the 
operating room is often what determines the outcome. If 
that victim is transported rapidly to a nearby hospital that 
is overloaded with trauma patients, the delay to definitive 
surgical treatment may be greater than if transport had 
been to a more distant hospital that had fewer patients 
competing for the available operating rooms and surgeons. 
Survival may also depend on transporting the patient to 
a hospital that has the specialists and facilities that the 
patient needs. Therefore, rapidly sending a patient with 
a serious head injury to a nearby hospital that has no 
neurosurgical capability is not likely to optimize survival. 

To the lay public, however, the best emergency care 
is transport to the closest hospital as quickly as possi- 
ble. If enough ambulances are not promptly available, 
these volunteers do not tend to sit idly awaiting their 
arrival. Instead, they use whatever means of transporta- 
tion is available to rush casualties to the closest hospital. 
A variant on this theme is when one hospital is par- 
ticularly renowned for giving emergency care (e.g., the 
trauma center), in which case it may be the chosen desti- 
nation (16,104). Police officers and firefighters sometimes 
contribute to this pattern by loading victims into vari- 
ous nonambulance vehicles and sending them to these 
same hospitals. Therefore, most disaster casualties are 
not transported by ambulance, nor are they under the 
control of the EMS system (6,38,55,61,69,70,104,105). In 
this process, field first aid and triage stations are frequently 
bypassed, either because their existence or location is un- 
known or because first aid is perceived as a lower level 
of care than that available at hospitals (6). These patterns 
help explain why hospitals have such difficulty obtaining 
the information necessary to guide their response. These 
patterns also contribute some understanding as to why so 
many victims arrive at hospitals without having received 


first aid or undergoing triage (6,100). In the late 1970s, the 
Disaster Research Center carried out a study of EMS in 29 
domestic disasters. At 75 hospitals where the initial means 
of casualty arrival could be determined, 54% arrived by 
ambulance, 16% by private vehicle, 16% by police car, 5% 
by helicopter, 5% by bus or taxi, and 4% on foot. Although 
these figures described the initial means of arrival, overall, 
more than half the number of casualties were transported 
by means other than ambulances (2). 


Example: San Francisco Bay Earthquake, 1989. 
During the first night after the 1989 San Francisco 
earthquake (also called the Loma Prieta earthquake), 
only 23% of patients transported to area hospital 
emergency departments arrived by ambulance (106). 


Example: Los Angeles Civil Disturbance, 1992. 
During the 1992 civil disturbance in Los Angeles, 
34% of patients were transported to the hospital by 
ambulances, 11% were transported by police cars, 
and 13% were walk-ins. Koehler (107) reports that 
the percentage of the injured who took themselves 
to the hospital or who were transported by friends 
varies by the source of data—it was 30.6% according 
to preliminary data from the Centers for Disease 
Control and Prevention and 60% to 70% according 
to hospital emergency department reports. 


Example: Oklahoma City Bombing, 1995. After 
the Murrah Federal Building in Oklahoma City was 
destroyed by a bomb blast in 1995, 139 casualties 
(32%) were transported by ambulance and more 
than 300 (68%) were transported by other means, 
such as buses, vans, or private vehicles (61). 


Example: Tokyo Sarin Attack, 1995. When ter- 
rorists released the nerve agent sarin in the Tokyo 
subway system in 1995, 10% of the 640 patients 
arriving at nearby St. Luke’s Hospital came by am- 
bulance, 5% by fire department minivan, and 85% 
by private vehicle (108). 


These actions by bystanders, as well as by fire and 
police personnel, help explain why one (or a few) hospital 
closest to the disaster site typically receives most casualties 
whereas other hospitals await victims who never arrive 
(Table 10-1) (6,38,55,63,88,109). The Disaster Research 
Center found that, in 75% of the cases, most casualties 
went to the closest hospital. In 46% of the cases, more than 
three-fourths of the casualties went to the closest hospital. 
(This report did not indicate what proportion of this 
distribution pattern was due to decisions of bystanders vs. 
those of firefighters or police officers.) A simple majority 
of the hospitals received one or more casualties in only 
approximately half the number of the disasters studied. 
This was despite the fact that unused hospitals had an 
average vacancy rate of 20% (2). This pattern appears less 
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D TABLE 10-1 Maldistribution of Disaster Casualties 


Disaster Location Date 

Tornado Flint, Michigan 1953 

Tornado Worcester, Massachusetts 1953 

Tornado Waco, Texas 1953 

Tornado Dallas, Texas 1957 

Aircraft carrier fire New York 1960 

Coliseum explosion Indianapolis, Indiana 
1963 

Earthquake Anchorage, Alaska 1964 

Train crash Chicago, Illinois 1972 

Train crash Chicago, Illinois, 1976 

Train crash Chicago, Illinois 1977 

Skywalk collapse Hyatt Hotel Kansas City, 
Missouri 1981 

Metrorail crash Washington, D.C. 1982 

Tornado Coldenham, New York 1989 


Tornado Plainfield, Illinois 1990 


Bombing Oklahoma City, Oklahoma 1995 


Tornado Oklahoma City, Oklahoma 1999 


Details 


Approximately 750 (80%) victims were brought to one hospital (16) 

800 were injured; 90% were admitted to 3 of 15 area hospitals (16) 

Most of the injured were taken to one downtown hospital, which was swamped before 
those at greater distances from the incident were filled (110) 

Casualties received by each hospital: Parkland, 178; Methodist, 17; Baylor, 2; St. Paul’s, 

1 (109) 

A nearby hospital had 35 patients and inadequate resources to care for them. Most patients 
could have been transported to hospitals farther away from the scene where personnel 
were available and provisions for treatment had been made (76) 

75% of the 374 casualties were taken to three local hospitals. Hospitals available included 7 
in the city and 12 in the surrounding area, with a total of more than 4,600 beds (36) 

22 victims were taken to one of five hospitals in Anchorage; no mention of total casualties 
for this disaster (111) 

Of the 400 injured, none were transported to Cook County Hospital, the local trauma center 
and a 4-min trip by any of the 15 helicopters transporting patients from the site (112) 

Of the 381 injured, 85% were sent to 3 of 11 hospitals but none was sent to Cook County 
Hospital (113) 

Of the 183 injured, 48% were sent to the two closest (out of 11) hospitals; Cook County 
Hospital received 9% (113) 

17 of 26 hospitals were used; the 4 closest hospitals received 42% of the 200 victims and 
55% of those admitted; 83% of the surgery was done in these hospitals (114) 

19 of 22 (86%) injured survivors went to one hospital (83) 

Of the 26 patients transported from the scene, 19 went to St. Luke’s Hospital (including the 2 
deceased), 5 to Cornwall Hospital, 1 to Horton Hospital, and 1 to St. Francis Hospital (77) 

When telephone lines were severed by the tornado, ambulance services were left with no 
means to contact the command post or area hospitals. In addition, many of the vehicles 
from surrounding towns operated on different radio frequencies and could not 
communicate with one another. As a result, most patients who were transported by 
ambulance were taken to the closest hospital. In all, 221 patients were treated at this 
hospital; 35 of them were admitted and 5 were transferred (115) 

Although there were many victims of this disaster, only one hospital—the closest 
geographically—became overwhelmed by the number of victims arriving. Most 
emergency departments triaged patients they would normally have seen on any given day 
to another care area to make room for “the massive wave” of critical patients that was 
sure to come. In reality, this massive wave never materialized, and many of the 
emergency departments sat idle after treating only a few victims (63) 

Distribution of patients to the metropolitan hospitals followed the same pattern as in the 1995 
Oklahoma City bombing; the two closest hospitals were overwhelmed with patients (116) 


References indicated in parentheses following each item. 


often in disasters that strike a large geographical area 
where numerous hospitals are closest to the scene. 


Time Course of Casualty Arrival 
at Hospitals 


Casualties usually start arriving at hospitals within 30 
minutes of the disaster impact, and the majority arrive 
within 60 to 90 minutes. Early casualty flow is made up 
mostly of those with minor injuries, probably because 
they are less likely to be trapped in the rubble or because 
they can more easily escape or be rescued by bystanders. 
Because of the lack of timely casualty information from 


the scene, hospitals might be unaware of the fact that more 
serious victims are yet to arrive. When these victims do 
arrive, all the emergency department beds might already 
be occupied (2,14,16,57,68,71,73,114,116). 


Survival versus Time until Rescued 


Although a few trapped disaster victims have been rescued 
alive at 5, 10, and even 14 days after impact, this occurs 
only in exceptional cases. In the 1980 earthquake in 
southern Italy, for example, 94% of the trapped people 
who survived were rescued during the first 24 hours. No 
victims were rescued alive after the third day (101). The 
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1990 earthquake in the Philippines yielded similar findings 
—88% survival was seen for those rescued on day 1, 35% 
on day 2, 9% on day 3, and 0% from day 4 onward (117). 
In the 1976 earthquake in Tangshan, China, those rescued 
in the first half-hour had a 99% survival rate, followed 
by 81% on day 1, 34% on day 2, 38% on day 3, 19% on 
day 4, and 7.4% on day 5 (118). In the 1995 bombing 
of the Murrah Federal Building in Oklahoma City, all 
but three of the survivors were rescued alive within 5 
hours of the explosion (61). Therefore, one can expect that 
rescue teams responding to large-scale disasters involving 
trapped victims will have little impact on survival unless 
they arrive within 1 or 2 days (119). In other words, the 
local emergency response is the critical variable in the 
survival of trapped casualties. 


Adapting Plans to Deal with Typical 
Patterns of Disaster Behavior 


Disaster planners and responders can do little to control 
the efforts of bystanders in disaster situations. Disaster 
plans are more effective if they are designed around how 
people tend to behave in disasters. This approach is likely 
to be more successful than expecting persons to conform 
to the plan (2). Planners and responders can influence 
the outcome by anticipating the likely course of bystander 
actions. For example, ambulances should anticipate that 
the closest hospitals will get the most patients and should 
therefore avoid transporting additional patients to these 
hospitals if possible. Hospitals should not expect that 
patients will be triaged or decontaminated at the disaster 
site but should instead make provisions to carry out these 
tasks at the hospital. 


Focus on Multiple Trauma 
Preparedness 


Another common assumption in medical disaster planning 
is that the primary medical need will be to deal with 
large numbers of victims suffering from multiple trauma. 
Although the capacity to deal with critical traumatic 
injuries is important, most disaster injuries are relatively 
minor, and these could be managed in medical facilities 
other than hospitals (e.g., clinics, urgent care centers, and 
physicians’ offices) (120-126). Many injuries, in fact, occur 
not during impact but during the clean-up period (93,117). 
The Disaster Research Center found that, on average, only 
20% of the casualties were admitted—even overnight—to 
the hospital. Furthermore, approximately half the number 
of these were admitted more because they had been 
in the disaster than because of the seriousness of their 
conditions, and they were discharged the next day (2). 
Therefore, approximately only 10% of disaster casualties 
really required even the most basic inpatient care. 


Nontrauma Casualties and Loss 
of Access to Routine Sources 
of Medical Care 


That, in many disasters, most patients need care for 
conditions other than trauma is not always appreci- 
ated. This set of patients might include those who have 
lost access to their routine sources of custodial care, 
medical care, mental health care, or prescription medica- 
tions (22,45,117,120,123,127-132,134-136). For example, 
in Hurricane Andrew, the initial damage estimates in- 
cluded 1,000 physician offices, 11 private pharmacies, 7 
convalescent hospitals, 90 living facilities for the aged, 
2 dialysis clinics, 4 mental health facilities, 5 commu- 
nity clinics, 38 assisted living facilities, and 4 intermediate 
facilities for the developmentally disabled (137,138). Exac- 
erbations of chronic medical conditions, such as asthma, 
emphysema, coronary ischemia, hypertension, and dia- 
betes, may contribute to the situation. 

Problems also occur with a lack of provisions to deal 
with the health needs of persons who have been evacuated 
to public shelters. After Hurricane Elena caused 1.25 
million Florida residents to evacuate their homes, a study 
determined that 23% of those in shelters had some kind of 
medical problem. The most common were heart problems 
(29%), diabetes mellitus (17%), a handicap (17%), high 
blood pressure (5.1%), need for oxygen (2%), and other 
conditions (29%; this last category included pregnancy, 
fractures, recent discharges from hospitals, and chronic 
illnesses such as cystic fibrosis) (132). 

Although disaster medical planning tends to focus on 
hospital and EMS readiness, most patients could be cared 
for in nonhospital settings, such as physicians’ offices, 
clinics, and freestanding urgent care or ambulatory care 
centers. Unfortunately, these valuable medical assets are 
often not included in community disaster plans. For 
example, although 70% of the urgent care centers in San 
Francisco were open at the time the 1989 earthquake 
struck, only 50% stayed open. Sixty-seven percent of the 
urgent care centers had no disaster plan, and 70% had no 
backup electrical generator (139). 

By assuring that routine sources of medical care survive 
and function after a disaster, the patient burden on 
hospitals might be reduced, leaving them more able to 
treat the critically ill and injured. After Hurricane Andrew, 
one Miami hospital administrator commented that most 
home health care agencies providing dialysis or ventilator 
care had not provided for backup electrical power 
arrangements for their patients (137). When Hurricane 
Iniki struck the island of Kauai, it knocked out the island’s 
electrical power, putting 60 dialysis patients in peril (138). 
Reportedly, when both Hurricane Iniki and Hurricane 
Andrew struck, no hardcopy lists existed that showed the 
locations of patients on dialysis or home ventilators (138). 
A 1994 study of home health care agencies in San Diego 
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found that, although 90% of them had a plan, only 33% 
had tested the plan. Forty-seven percent had made no 
backup arrangements for their patients, and 31% of those 
surveyed thought that they would not be able to meet their 
patients’ needs in a disaster (140). 


Donations 


Public altruism in disasters is not limited to providing 
direct contributions in the form of search, rescue, and 
transportation. Unsolicited donations of all kinds and in 
every imaginable form are common (6,55,141). Citizens, 
merchants, and businesses from all over the country are 
quick to offer whatever might be of help in dealing 
with the aftermath of disasters. This assistance might 
include offers of food, laundry service, free long-distance 
telephone calls, chiropractic and massage services for 
rescuers and relief workers, clothing, money, vehicles, 
tools, rescue equipment, medical supplies, pharmaceutical 
agents, cellular telephones, heavy construction equipment 
(e.g., heavy cranes), the free use of company personnel, 
and even leather booties for rescue dogs (63,64). 

Sometimes the magnitude of the response results in a 
situation where on-site personnel have to be diverted from 
other duties to process and track the excessive quantities 
of donated material (6,55,64). When donations include 
perishable items, the problem of inventory tracking is 
magnified (64). Pharmaceutical donations often create a 
problem because they are sent in amounts greater than 
what is needed, they include inappropriate and out-of- 
date medications, and they are not sorted and categorized 
before arrival (see Chapter 6). 


Example: Armenia Earthquake, 1988. After the 
December 1988 earthquake in Armenia, more than 
5,000 tonne of drugs and consumable medical sup- 
plies were donated for the relief effort, not including 
materials for dialysis, field hospitals, or laboratory 
equipment. Within a few days, these donations filled 
local warehouse and hospital storage capacity, and 
authorities had to open 32 new warehouses. By Jan- 
uary, the new warehouses were also full, and storage 
had to be found in Moscow. Eighteen percent of the 
items were unsorted (with many different drugs all 
in the same box), and pharmacists wasted approx- 
imately two-thirds of their time merely looking for 
and identifying useful drugs. Eleven percent of the 
donated materials was of no use to the recipients, in- 
cluding items such as vitamins, nasal spray, and an- 
tibiotics only usable for infectious diseases not found 
in the region, and 8% of the drugs had passed their 
expiration date. Only 30% of the drugs were both 
easily identifiable and relevant to the emergency sit- 
uation. Fifty people worked for 6 months merely to 
get a clear picture of the drugs donated (142). 


Example: Oklahoma City Bombing, 1995. In the 
aftermath of the 1995 Oklahoma City bombing, 
medical donations came by the truckloads from 
across the country. “However, except for dressing 
and bandage materials, almost all of this equipment 
was wasted. One conservative estimate from a 
representative of the Oklahoma Hospital Association 
put the dollar amount of wasted medical supplies 
and equipment at more than $1.5 million” (63). 


Example: Tornado in Plainfield, Illinois, 1990. 
In 1990, Plainfield, Illinois, was hit by a tornado. 
Problems occurred in discerning the official rescue 
workers from the well-meaning citizens who came 
to offer their help or to lend equipment such as 
dump trucks and backhoes. So many donations 
were received that they filled two warehouses; some 
donations were in danger of spoiling because the 
items could not be used fast enough (115). 


Blood Donors 


Hospitals and blood banks are often caught off-guard 
and are unprepared for the quantities of blood donors 
that show up during disasters (65,141,143) The situation 
is aggravated when local elected officials or mass media 
representatives issue mass appeals for blood donors, often 
without consulting the recipient organizations regarding 
the actual need for blood (5,56,67,112,141). 


Example: Athens, Georgia Tornado, 1973. When 
a tornado struck Athens, Georgia, in 1973, “a request 
for blood donors produced a deluge of willing 
donors, far in excess of the number that could be 
handled by the hospitals. These people left their 
vehicles parked illegally and blocked traffic around 
the hospital” (65). 


Example: Dallas, Texas DC-10 Crash, 1985. After 
a DC-10 crashed during a thunderstorm at Dallas- 
Fort Worth International Airport in 1985, radio 
stations announced the disaster before adequate 
medical information was available. “These stations 
suggested that blood would be needed. Four hundred 
ninety-one blood donors responded to the media’s 
call for blood. This inundated the local hospital’s 
blood bank, causing a problem with crowd control. 
Personnel had to be diverted from the emergency 
department to the blood bank to manage the people 
trying to donate blood.” Some donors were actually 
turned away from the blood bank because personnel 
were unable to process them at the time (5). 


Example: Oklahoma City Bombing, 1995. After 
the Oklahoma City bombing, “the Oklahoma Blood 
Institute opened satellite centers where citizens 
stood in line for 2 or 3 hours to donate blood. The 
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blood centers closed in the late afternoon because 
the institute had received all the blood it could 
process” (64). 


Example: Sioux City United Airlines Crash, 1989. 
At the time of the Sioux City air crash, the “blood 
supplies at the local hospitals and at the Siouxland 
Community Blood Bank were adequate to meet all 
the demands. Although officials made no public 
appeal for blood donors, more than 400 persons 
turned out to donate blood. Offers of additional 
blood from blood centers in Des Moines, Omaha, and 
other areas much further away were declined” (58). 


Hospitals as Disaster Victims 


Although hospital plans often focus on disasters that may 
affect the community, insufficient attention is given to 
the possibility that the hospital itself might become a 
victim (144,145). 


Example: San Fernando Valley Earthquake, 
1971. After the 1971 San Fernando Valley earth- 
quake in Southern California, several hospitals sus- 
tained heavy damage or collapsed. In response to 
this tragedy, the 1972 Hospital Seismic Safety Act 
was passed. This act required the implementation 
of design and construction practices to ensure that 
hospitals could survive a major earthquake. The 
law applied to new construction and alterations 
or remodeling but not to hospitals constructed be- 
fore the act was passed. The planner envisioned 
that the pre-Act, nonconforming buildings would 
be replaced by new, conforming facilities through 
attrition. However, a 1990 report by the California 
Office of Statewide Health Planning and Develop- 
ment (OSHPD) indicated that fewer than 17% of 
California’s hospital beds were in hospitals that con- 
formed to the Hospital Seismic Safety Act (<33% of 
the hospital buildings in the state) (146). A subse- 
quent study by OSHPD in 2001 indicated that 51% of 
the hospital buildings were in compliance with the 
act and that they would not be expected to collapse 
in a major earthquake. However, the study could 
only identify 13% of the state’s hospital buildings 
that could reasonably be expected also to resist the 
nonstructural damage (defined in subsequent text) 
that would limit their ability to function after a 
strong motion earthquake (147). 


Nonstructural damage can cause injury to hospital oc- 
cupants, and it can interfere with the ability of the facility 
to care for patients. Nonstructural damage includes those 
affecting the nonload-bearing components of the build- 
ing, such as the windows, ceilings, light fixtures, electrical 
circuits, water storage tanks, and sewer and water pipes. 


It also includes the material in the hospital, such as 
shelves, cabinets and their contents, refrigerators, labora- 
tory supplies and equipment, cardiac monitors, imaging 
equipment, computers, communications equipment, and 
cafeteria appliances. 

Earthquakes (and other disasters) also interrupt utility 
services, such as electricity, sewer, water, and telephone 
lines, to the hospital. However, the 2001 California study 
could document fewer than 1% of the state’s hospital 
buildings whose contents were adequately anchored or 
braced and that had sufficient backup power, water, and 
waste-water systems to operate for 72 hours (147). 

Numerous case reports illustrate the lack of atten- 
tion to basic measures to assure hospital survival and 
function after disasters. Generator failure is frequently 
mentioned (20-22,71,75,82,145,148-150). Hospital func- 
tion has also been compromised by inadequately anchored 
generators, unanchored generator batteries, damage to the 
lines carrying natural gas to power the emergency gener- 
ators, and the loss of water supply to cool emergency gen- 
erators (18,30,151). Generators and generator-switching 
equipment have failed because they were located in base- 
ments subject to flooding (21,22,79,152). Failures have 
also resulted from inadequate electrical surge protec- 
tion (21,30), dead batteries, and an inadequate fuel supply 
for the generators (30,151). 

The ability of hospitals to function after a disaster 
has been compromised when inadequate emergency 
generator capacity exists (21,153,154) or when essential 
areas and equipment have not been included in backup 
generator circuits. Examples of the latter include x-ray 
developers (30), x-ray machines (33), air-conditioning 
needed for sensitive computer equipment (33), cafeteria 
refrigerators and freezers (30), bells and button lights 
on telephones (21), computed tomography scanners (25), 
two-way radios (25), computers (25), central supply 
areas (18), and ambulatory care units (153). 

Although the need for backup water provisions is 
frequently mentioned as a necessity for preparedness, 
hospitals continue to suffer when water supplies are inter- 
rupted (18,25,75,151). Hospital functions that have been 
interrupted because of their dependence on water in- 
clude operating room temperature and humidity systems, 
sterilization equipment, water-cooled refrigerators and 
freezers, hydrotherapy, x-ray film developers, telephone 
switchboard and computer mainframe cooling systems, 
air-conditioning systems, fire sprinkler systems, medical 
suction, cooling systems for lasers, and emergency gener- 
ators (145,153,155,156). 

Other factors that have impaired hospital ability to 
function after disasters, particularly earthquakes, have in- 
cluded unanchored pharmaceutical storage shelves (25); 
severed oxygen lines (18); leaking natural gas lines (18); 
boilers with no backup fuel source (21); broken windows 
and glass (148,157); elevator malfunctions (33); and the 
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lack of battery backup lighting to stairvvells, elevators, op- 
erating room corridors, radiology, laboratory, outpatient 
units, and areas of the emergency department (145). 


Summary of Field Research Findings 


1. Most initial postdisaster search and rescue, field 
medical or first aid care (to the extent that it occurs at 
all), and victim transportation are provided by civilian 
bystanders (e.g., family, neighbors, covvorkers, and 
even passersby). This contributes to the following: 

e Most casualties are typically transported to the clos- 
est hospitals or to those most locally renowned for 
providing emergency care, whereas other hospitals 
await casualties that never arrive. 

e A minority of disaster victims actually receive effec- 
tive first aid, medical care, or triage in the prehospital 
setting. 

e Little useful information about the disaster site or 
the numbers, types, or severities of casualties is 
communicated to area hospitals. Hospitals will often 
first become aware of the disaster from the news 
media or the first arriving casualties. 

Casualties generally begin arriving at hospitals within 

30 minutes; the majority arrive within 60 to 90 

minutes. Therefore, disaster responders to the scene 

will have little effect on emergency patient care unless 
they can arrive within a very short time. The first 
arriving casualties are usually those in the least serious 
condition. Because of the lack of scene-to-hospital 
information flow, hospitals might be unaware of the 
more serious casualties who subsequently arrive to 
find the emergency department already full of victims. 

3. Few critically injured victims are rescued alive after 

the first day or two. Outside search and rescue teams 

arriving after that time will have little impact on the 
overall survival of trapped disaster casualties. 

Little need exists in US disasters to evacuate casualties 

to distant communities or for outside medical teams 

to provide critical care or surgical services; however, 

a locally increased demand for family practice-type 

medical care services might exist. 

5. Many disaster casualties can be treated in medical 
facilities other than hospitals. This can reduce the 
burden on hospitals so that they can care for the more 
serious patients. 

6. When routine sources of medical care become inacces- 
sible in disasters, the burden on hospitals can increase, 
lessening their ability to care for serious illnesses and 
injuries caused by the disaster. Therefore, nonhospital 
medical assets (e.g., physician offices, urgent care cen- 
ters, clinics, dialysis centers, pharmacies, home health 
care agencies, nursing homes, and custodial care or 
assisted living facilities) need to be integrated into 
community disaster medical plans. 


b 


a 


7. Hospitals can be casualties too. Effective planning 
requires the implementation of mitigation measures 
to ensure that hospitals can survive and function. 
Effective disaster planning must include strategies for 
overcoming complacency toward disaster prepared- 
ness. Often, this is more difficult than implementing 
the disaster countermeasures themselves. 

Effective planning requires the active participation of 
a diversity of emergency response organizations from 
multiple levels of government and the private sector 
(e.g., private physicians, hospitals, and ambulance ser- 
vices). However, hospitals and other emergency medi- 
cal and health sector response organizations often plan 
in isolation and are often divorced from other com- 
munity disaster planning efforts. The establishment of 
regional and statewide disaster planning bodies with 
representation from these organizations is essential for 
effective planning. 


y 
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IMPROVING HOSPITAL 
PREPAREDNESS 


Standards and Guidelines for Hospital 
Preparedness 


The Joint Commission on Accreditation of Healthcare Or- 
ganizations (JCAHO) promulgates standards for hospital 
preparedness. These standards (158) require, among other 
things, that hospital disaster plans include provisions for 
the following: 


m Carrying out a hazard vulnerability assessment 

m Activating the plan 

m Integrating the hospital plan with the community 
disaster plan 

m Notifying external authorities that a disaster has oc- 
curred 

m Alerting hospital personnel that the plan has been 

activated 

Identifying hospital personnel 

Housing and transporting staff 

Providing for staff family support 

Maintaining supply management (e.g., pharmaceutical 

agents, medical supplies, food, water, and linen) 

m Controlling access, crowds, and traffic 

m Maintaining media relations 

m Evacuating and establishing alternative sites for patient 
care when necessary 

m Tracking patients and managing patient medications 
and medical records during evacuation 

m Establishing and maintaining backup communications 
and utilities 

m Setting up facilities to deal with and isolate patients 
contaminated by hazardous materials 

m Assigning staff responsibilities during disasters 
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m Using a command structure consistent vvith that used 
by the local community in disasters 

m Training 

m Evaluating the plan annually 


Mitigation 


The first duty of the hospital in a disaster is to avoid 
becoming a disaster victim. One of the best vvays for the 
hospital not to become a disaster victim is for it not to bein 
locations vvhere disasters tend to occur. Hospitals should 
not be constructed in areas where recurrent flooding 
occurs, near earthquake faults, on sandy river bottom soil 
that amplifies seismic shaking, near coastal areas subject 
to hurricane winds or storm surge, near chemical plants 
or storage areas, or in forested areas subject to recurrent 
wildland fires. When considering the construction of new 
hospital facilities, the local disaster office can be contacted 
for information on areas vulnerable to disasters that 
should be avoided. 

The use of modern, hazard-resistant building codes 
for new construction or retrofitting is another important 
strategy to prevent hospitals (and other medical assets) 
from becoming disaster victims. For more information 
on building codes, see the Web site of the Institute for 
Business and Home Safety (IBHS) at http://www.ibhs.org/ 
building_codes/, the International Code Council at http:// 
www.intlcode.org/and http://www.inticode.org/download/ 
index.htm, the Building Seismic Safety Council at 
http://www.bssconline.org/ (the 2000 NEHRP Provisions 
for New Buildings and Other Structures, FEMA 368, and 
FEMA 369), and the Federal Emergency Management 
Agency—Mitigation web site at http:/;www.fema.gov/mit/ 
hseriesl.htm. Attention also should be paid to the contents 
of the hospital building that might be vulnerable to dam- 
age in a disaster. For example, hospitals commonly locate 
heating systems, backup generators, and electrical switch- 
ing equipment in the basement, the most vulnerable area 
in the event of flooding or water system leakage. More than 
one hospital suffered internal water damage during the 
1994 Los Angeles earthquake because of disruption to the 
large water storage tanks on their roofs. Earthquakes com- 
monly disrupt hospital utility, heating and cooling, and 
electrical backup systems. Simple and comparatively in- 
expensive engineering measures can avert these problems. 
One of the simplest and most inexpensive mitigation mea- 
sures that can be taken in earthquake-vulnerable regions is 
to survey the hospital interior to identify those items that 
could fall or tip over during seismic shaking. The simple 
use of Velcro and adhesive straps to anchor equipment can 
prevent damage. Latched cabinets, wall bins, and ledges 
on shelves can prevent supplies, pharmaceutical agents, 
and equipment from falling. L-brackets can be used to 
anchor shelves, file cabinets, and other furniture to the 
wall studs to prevent the items from falling and damaging 


their contents or injuring staff and patients. An extensive 
listing of hospital mitigation measures can be found in 
Community medical disaster planning and evaluation guide 
by Auf der Heide (available from the American College 
of Emergency Physicians on the Internet at http://www. 
acep.org/or by telephone at 1-800-798-1822 [press 6]). 


Do Not Plan in Isolation 


One lesson that is clear from the disaster research liter- 
ature is that most response problems are due to the lack 
of interorganizational coordination and communication. 
However, most hospitals and other emergency response 
organizations plan as if they existed in isolation. Hospital 
planners should contact their local municipal or county 
disaster or emergency management office to find out if 
a community disaster planning committee exists. If no 
committee exists, they should consider starting one (1). 
Table 10-2 lists examples of the types of organizations 


) TABLE 10-2 Examples of Organizations 
Represented on a Community Disaster 
Planning Committee 


Hospitals or hospital association 

Medical society 

Emergency physician groups 

Nursing association 

Health maintenance organizations 

Local emergency medical services agency 
Ambulance and rescue services 

Helicopter services 

Municipal or county disaster or emergency management office 
Fire chiefs 

Sheriff and police chiefs 

Public works and highway departments 
Local government chief executive officers or managers 
Local military establishments 

Local health department 

Red Cross 

Local ports and airports 

Urgent care centers 

Clinics 

Home health care agencies 

Nursing homes 

Assisted living facilities 

Pharmacies 

Dialysis centers 

Outpatient surgery centers 

News media organizations 

Flood control and dam officials 

Local office of the U.S. Weather Service 
Churches and social welfare agencies 
Mental health facilities 

Local businesses or chamber of commerce 
Local utilities and communications providers 
Local building inspectors and civil engineers 
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that should be represented on such a committee. One al- 
ternative to establishing a community disaster planning 
committee is to use the Local Emergency Planning Com- 
mittee (LEPC). LEPCs are required under the Superfund 
Amendments and Reauthorization Act of 1986 (SARA 
Title II) for chemical emergency planning. More infor- 
mation on LEPCs can be obtained through the Internet at 
http:/Awww.rtk.net/lepc/. 

Such a planning committee can be an effective means of 
addressing a number of issues related to disaster prepared- 
ness. The committee can be the stage for developing not 
only regional plans for mitigation, response, and recovery 
but also for the establishment of a joint training program. 
Moreover, it provides the opportunity for the cost-sharing 
of training, which can reduce the financial outlay of the 
individual organizations. Standardization and the cost- 
sharing of items such as equipment for communications 
networks can also be addressed by the committee (159). 
Finally, plans, procedures, and training that have buy-in 
from a committee with broad community participation 
are more likely to be used. 

Health and medical care responsibilities that should be 
addressed by the committee include the following: 


m Warning and evacuation 

m Mitigation activities for health care facilities 

m Establishment of training programs for health care 
providers 

m Overall coordination of the health sector response 

m On-scene medical assessment 

m Overall coordination of site search and rescue 

m Triage 

m Hospital notification (including information on num- 
bers, types, and severities of casualties) 

m Inventory of current hospital patient loads and capacity 

to receive additional patients 

Transport and distribution of casualties 

Use of nonhospital facilities for patient care 

Health facility recovery activities 

Public health and environmental health activities (e.g., 

management of infectious disease outbreaks and chem- 

ical spills) and development of messages on disaster- 

related health issues for the media and the public 

(e.g., food safety when the power is lost, the effects 

of hazardous chemicals, and the prevention of chain 

saw injuries and carbon monoxide poisoning during 

cleanup and recovery) 


Plan for Communications 


Communication difficulties are one of the most recurrent 
and enduring problems identified in the analysis of dis- 
aster responses. Most commonly, when planners think of 
communications problems, they think of deficiencies in 
the hardware (two-way radio equipment, in particular). 


Decades of experience have shown that telephone systems 
are unreliable in disasters. Even if the circuits are not 
damaged, telephone systems are subject to communica- 
tions traffic overload that rapidly makes them unusable. 
Despite this experience, most disaster plans still rely on 
telephone communications for postdisaster information 
exchange. Furthermore, with the rapid expansion of cel- 
lular telephone use, these systems often suffer from the 
same overload as landline-based systems. 

One must realize that, with the advent of modern 
mass communications technology, even a relatively small 
disaster becomes an international media event literally 
within minutes. Often initial media reports are greatly 
exaggerated, confused, and dramatic. These reports can 
cause a great deal of concern in those who think their 
loved ones are in the impacted area. 

For example, consider the nationwide, if not world- 
wide, concern that would be generated by the following 
television announcement, “Flash! 747 jetliner crashes into 
suburban Los Angeles freeway and plows into adjacent 
neighborhood. Hundreds of dead and injured. Details 
at six.” 

One result of this concern would be a large number 
of telephone calls into the impacted area checking on the 
welfare of loved ones. If those telephoning are unable to 
make contact, attempts will be made to get information 
from police departments, hospitals, government offices, 
and the local news media. If telephone calls are unsuc- 
cessful in obtaining the needed information, many will 
show up and will try to get it in person (160). Although 
this information-seeking behavior cannot be controlled, 
it can be substantially reduced by providing accurate in- 
formation through the news media to describe the areas 
not impacted by the disaster. If, for example, the tele- 
vision announcement mentioned here gave details about 
the airline company, flight origin and destination, freeway 
name, suburb name, and the names of streets on which 
the damaged buildings were located, a much smaller num- 
ber of people would be concerned about their loved ones 
as victims of the disaster. Also, another helpful technique 
would be for area hospitals to collect joint information on 
disaster patients and to transmit it by encrypted radio to 
a distant location where it can be provided (e.g., through 
the Red Cross) to the public through a toll-free telephone 
number. This will route call volume away from local tele- 
phone circuits, thereby reducing the demand on them. 
Although some may hesitate to release patient informa- 
tion unselectively, information can certainly be released 
on the persons who are not affected. 

Calls are also received volunteering assistance, offer- 
ing donations, and asking for disaster-relevant advice. 
In addition, local emergency response organizations will 
generate an increase in communications traffic as they 
try to ascertain the nature and scope of the disaster, 
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to determine what actions to take, and to marshal re- 
sources. This volume of communication can overwhelm 
the information-processing capacity of local authorities. 
Planning needs to include provisions not just for collect- 
ing information but also for processing and prioritizing it. 
Therefore, having procedures and plans for augmenting 
those in communications processing and decision-making 
roles, such as dispatchers, administrators, and telephone 
operators, is also important. 

Hospitals and other emergency response organizations 
can take some simple measures to reduce the possibility 
that they will not be able to use the telephone system. 
Sometimes, fax and pay phone communications are pos- 
sible when telephone and cellular circuits are unusable. 
In addition, local telephone service providers can desig- 
nate local emergency response organizations that receive 
priority when the circuits have reached capacity. In some 
parts of the country, this is called essential service status. 
Different terminology might be used in other parts of the 
country. 

The Government Emergency Telecommunications Ser- 
vice (GETS) under the National Communications System 
(NCS) provides another mechanism for assuring telephone 
communications access when the phone circuits are over- 
loaded. GETS is accessed through a universal telephone 
access number and an assigned personal identification 
number (PIN) through common telephone equipment 
(e.g., telephone, fax, modem, or cellular telephone). Once 
an organization has been authenticated as a valid user, 
its call receives special treatment such as enhanced rout- 
ing and priority. Federal civilian or military agencies are 
eligible for this service. State and local governments and 
industries can participate if they are sponsored by an NCS 
member organization. (Table 10-3 lists NCS member or- 
ganizations.) State and local organizations wishing to be 
designated as GETS users should request a sponsorship 
letter by contacting the Office of the Manager at the Na- 
tional Communications System, Programs Division (N2), 
701 S. Court House Rd., Arlington, VA 22204-2198 (or 
through telephone at 703-607-6225; through fax at 703- 
607-4801; or through e-mail at GETS@NCS.gov). Next, 
one must establish a billing code account with the De- 
fense Information Technology Contracting Office to pay 
for usage. After a billing code account is established, a 
billing code, a point of contact for PIN cards, and the PIN 
card requirements (GETS User Form) will be provided. 
The Office of the Manager will then issue a PIN card 
directly to the organization using the service. 

However, for effective disaster communications, no 
reliable substitute exists for the use of two-way radio 
networks. The main challenge in establishing such net- 
works is that the Federal Communications Commission 
has assigned incompatible radio frequencies to the various 
emergency response organizations in the United States. 
Frequencies are made available for radio communications 


) TABLE 10-3 National Communications System 
Member Organizations 


Central Intelligence Agency 

Department of Commerce 

Department of Defense 

Department of Energy 

Department of Health and Human Services 
Department of the Interior 

Department of Justice 

Department of State 

Department of Transportation 

Department of Treasury 

Department of Veterans Affairs 

Federal Communications Commission 

Federal Emergency Management Agency 
Federal Reserve System 

General Services Administration 

Joint Staff (works under the Joint Chiefs of Staff) 
National Aeronautics and Space Administration 
National Security Agency 

National Telecommunications and Information Administration 
Nuclear Regulatory Commission 

U.S. Information Agency 

U.S. Postal Service 


on several radio bands. Each band represents a range of 
communications frequencies. For example, the ultra-high 
frequency (UHF) band is occupied by frequencies in the 
450-MHz range, and the very high frequency (VHF) band 
has frequencies in the 150-MHz range. Although the in- 
dustry is beginning to make some exceptions, radios that 
communicate on one band cannot, for the most part, 
communicate on other bands. Therefore, UHF radios are 
incompatible with VHF radios. For various response or- 
ganizations to communicate by radio, they must either 
have radios on the same band or they must purchase a 
second set of radios, an expense that few organizations 
can afford (96). 

One approach to dealing with the radio-band problem is 
the technique of cross-banding (using multiband scanning 
radio receivers). This equipment is relatively inexpensive, 
and it can receive radio transmissions on several bands, 
scanning them in quick succession and locking on 
frequencies where radio traffic is occurring. The strategy 
works like this—in the particular community or region 
in question, the various bands that emergency response 
organizations use are identified. In each band, one or more 
frequencies are identified for mutual aid emergency use. 
All of these frequencies are programmed into multiband 
scanning receivers. When an agency wants to initiate 
mutual aid communications with another, it broadcasts 
on a mutual aid frequency in the band for which its radio 
transceivers are designed. The agency then listens for reply 
traffic, using the scanning receiver, on the frequencies on 
which the other organization can transmit (Fig. 10-2). 
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UHF band Transmit Multiband 
two-way > scanning 
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scanning | € two-way 
receiver radio 


FIGURE 10-2. Two-way radio cross-banding. Abbreviation: 
UHF, ultra-high frequency; VHF, very high frequency. 


Satellite communications is another promising tech- 
nology, although it has not yet experienced even a mod- 
erate level of implementation. Newer communications 
technology allows communications among several radio 
bands using a device called a transpeater (for an example, 
contact Transcrypt Secure Technologies on the Internet 
at http://www.transcrypt.com/or by telephone at 402-474- 
4800). Regardless of the technological approach used, 
two-way radios should include a setting where they re- 
main silent until a tone alert is sent by someone wishing 
to communicate with the recipient. With this setting, the 
alerts would be less likely to be ignored or to be turned 
down so low that incoming messages cannot be heard. 

The previous discussion notwithstanding, research on 
disasters suggests that most communications problems 
are people problems rather than equipment problems (6). 
Although communication equipment might be in short 
supply, more often than not a physical means of com- 
munication is available. Often what are thought to be 
communications problems are actually coordination prob- 
lems—that is, a lack of mutual agreement on the following: 


m What information needs to be collected 

m Who should collect it 

m Who needs it 

= How to get it to those who need it expeditiously, in 
a form that it useful to them, using terminology they 
understand 


These are the crucial aspects of communications that 
no amount of radio equipment is likely to solve (97). The 
quality of information is more important than quantity. 
Crucial information is that which can assure appropriate 
decision making (6). Sometimes, even the rather simple 
use of communications can facilitate a more coordinated 
and effective response. 


Example: Waco Tornado, 1953. After a tornado 
struck Waco, Texas, in 1953, military personnel 
brought order into the rescue efforts by incorpo- 
rating civilian workers in their teams. These teams 
were commonly composed of 15 men under a leader 
and an assistant leader with walkie-talkies that 


were used to contact headquarters and other nearby 
teams (161). 


Effective communications in disasters requires that 
those responding have an understanding of what the com- 
munications tasks are and who is responsible for them. 
(This implies the implementation of community-wide, or 
better yet, joint, regional, or statewide communications 
planning and training.) For effective communications to 
occur, responders need to agree on the following: 


m Who is responsible for collecting information and who 
needs to receive information about the scope and extent 
of damage at the disaster site 

m Who will have overall responsibility for coordinating 
site operations 

m Who needs to receive notification of the disaster 

m What areas or facilities are still in the path of the disaster 

m What secondary threats exist (e.g., dam, levee collapse, 
or toxic spills) 

m Estimates of numbers, types, severities, and location of 
casualties 

m Damage to emergency response facilities (e.g., hospi- 
tals) 

m Capacity of surviving facilities to handle incoming 
patients 

m Resources needed to combat the disaster threat or 
damage 

m Resources available to respond 

m Resources committed to the incident (including volun- 
teers and donations) 

m Where incoming resources (including unsolicited vol- 
unteers) should report 

m When disaster operations have been concluded 


Management of Donations 
and Volunteers 


One of the key issues that is often overlooked in disaster 
plans is the lack of adequate provisions for dealing with 
volunteers (1). Community planning can also help avoid 
some of the problems posed by excessive or unneeded do- 
nations and volunteers while maximizing the usefulness of 
those donations and volunteers. Members of public safety 
organizations need to receive training on how to orga- 
nize citizen volunteers, and someone needs to be charged 
with the responsibility of community-wide coordination of 
volunteers and donations. Those charged with this respon- 
sibility need access to situation-assessment information 
on resource needs, a clearance process before public ap- 
peals are made by elected officials or the news media, and 
procedures for processing donations and volunteers. As a 
group, hospitals should develop common procedures for 
checking in, credentialing, and providing workers’ insur- 
ance and liability coverage for medical volunteers who are 
not on the hospital staff. 
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VVorking vvith the Nevvs Media 


One of the predictable problems in disasters is the lack 
of planning for interactions vvith the media (1). Although 
interaction vvith the media is often perceived as an adver- 
sarial relationship, the media have definite roles and re- 
sponsibilities in disasters. Planning vvith the media, rather 
than for the media, can maximize their potential con- 
tribution while lessening the disruptive aspects of their 
involvement (6,110). The insatiable appetite of the media 
for information can be a drain on emergency response 
organizations that are trying to carry out their responsi- 
bilities under conditions of great urgency and uncertainty. 
However, in disasters, the media, especially the local me- 
dia, has been observed to become more altruistic and make 
valuable contributions (6). Although the planning might 
focus on how to deal with the information demands from 
the media, planners often do not appreciate the frequency 
with which the media are sources of information for emer- 
gency response organizations. 


Example: San Francisco Bay Earthquake, 1989. 
After an earthquake struck the San Francisco Bay 
area in 1989, emergency physicians, emergency 
nurses, and hospital administrators reported a lack 
of information from government and EMS on the 
effects of the earthquake, the status of hospitals and 
roads, and the estimates of the number of injured. 
The primary source of information turned out to 
be the news media (30). In addition, the Oakland 
City Fire Department reported that a lack of clear 
information about the overall conditions hampered 
and delayed a coordinated response to the earth- 
quake. Telephone communication with the local fire 
stations was knocked out, the two functioning ra- 
dio communications frequencies were overloaded, 
the county medical radio communications were 
disabled, and an insufficient number of dispatch 
personnel were available for adequately answering 
the telephones and radios. Aerial reconnaissance in- 
formation was requested from the Oakland Police 
Department, but their helicopter was down for re- 
pairs. During the first crucial hour after impact, fire 
department headquarters staff relied on television 
news coverage, including the televised pictures from 
the news helicopters, for information on the extent 
of the earthquake damage (81). Clearly, preplanned 
information sharing and two-way radio communi- 
cations capability between the fire department and 
the local news media could have been a useful asset 
in this disaster. 


The potentially disruptive activities of the media can be 
reduced by having a single point of information release. 
Media pools are another useful technique where one or a 
few news journalists (e.g., one each from television, radio, 


and print media) are allowed into the impacted area or 
command posts to collect reports that will be shared with 
other media organizations (6). Often, the use of these 
procedures for information release is welcomed by the 
press corps (6). 

News media present a valuable opportunity for efforts 
at preventing postimpact injuries and illnesses by publiciz- 
ing precautions about heat stress, food and water safety, 
carbon monoxide poisoning, and the avoidance of the dan- 
ger of fires from damaged electrical circuits or from using 
incorrect methods for reigniting gas pilot lights. The in- 
volvement of the news media before disasters can provide 
a source of public education and support for community 
disaster mitigation and planning. Finally, remembering 
not to neglect the media that reach domestic, non-English 
speaking audiences when planning for disasters is impor- 
tant. Auf der Heide ([6], see Chapter 10) provides more 
information on planning with the news media. 


Postimpact Hospital Safety 
Assessment 


When mitigation measures fail, hospitals can become a 
safety hazard to patients and staff. Therefore, a rapid 
postimpact hospital safety assessment might be needed 
to determine if the facility is safe for occupation and 
continuous provision of patient care. California uses a 
cadre of volunteer structural engineers to provide this 
service after earthquakes, but such an arrangement might 
also be valuable after severe weather disasters such as 
floods, tornadoes, and hurricanes. Repeated assessments 
might need to be carried out when earthquakes are 
followed by repeated aftershocks (151). 


Hospital Evacuation 


Hospitals might need to be evacuated when threatened or 
damaged by disasters. Several tasks need to be planned 
for, including (a) warning of an impending disaster threat, 
(b) conducting a postimpact safety assessment, (c) decid- 
ing to initiate evacuation and determining destinations 
for evacuated patients, (d) safely moving out of damaged 
facilities, (e) moving patients to host facilities, (f) avoiding 
patient influx to other facilities that are in need of evacu- 
ation, (g) tracking patients, (h) provisioning staff to care 
for the evacuated patients, (i) transporting patient records 
and medications, and (j) determining when returning is 
safe and making the return arrangements (151). 
Evacuation can be especially challenging when the loss 
of electrical and backup electrical power for lights, tele- 
phones, radios, and elevators occurs or when spillage of 
hazardous materials inside the facility occurs. Difficul- 
ties are also encountered when the plans do not include 
provisions for adhering to federal regulations on patient 
transfers (151). In 1986, Congress passed legislation that 
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was intended to prevent hospitals from transferring to 
other hospitals patients who were unable to pay for 
their care. This legislation was appended to the Consol- 
idated Omnibus Budget Reconciliation Act (COBRA) as 
the Emergency Medical Treatment and Active Labor Act 
(EMTALA). The legislation applies to hospitals that par- 
ticipate in Medicare, and it requires that hospitals with 
an emergency department provide medical evaluation and 
emergency medical stabilizing treatment (within the hos- 
pital’s capacity) to all patients who present for care. If 
the patient has not been stabilized, EMTALA specifies sev- 
eral requirements before the patient can be transferred to 
another medical facility as follows (162): 


m Such patients cannot be transferred unless they, or their 
legally acting representatives, first consent. 

m The transferring physician must certify that the poten- 
tial medical benefits of the transfer reasonably outweigh 
the risks. 

m The transferring hospital must provide all medical 
treatment within its capacity to reduce the risk of the 
transfer. 

m The receiving hospital must have the capability of 
providing the care the patient needs and must agree 
to accept the patient. 

m The sending hospital must provide the receiving hospital 
with all medical records and materials related to the 
patient’s condition at the time of the transfer. 

m The transferring hospital must provide for qualified 
medical personnel and equipment appropriate to the 
needs of the patient during the transfer. 


Adherence to these requirements can be especially 
challenging when the transferring and receiving hospitals 
do not have two-way radio communications capability and 
the telephone and cellular telephone systems are damaged 
or rendered inoperable due to circuit overload. 


Hazardous Materials Problems 


Although a detailed discussion of hazardous materials 
disaster preparedness is beyond the scope of this chapter, 
making a few comments and observations is appropri- 
ate. (For more detailed information, see Chapters 26, 27, 
and 34. See also “Managing Hazardous Materials Inci- 
dents” available from the Agency for Toxic Substances 
and Disease Registry and Hospitals and community emer- 
gency response—what you need to know, available from the 
Occupational Safety and Health Administration [OSHA]. 
[Contact information for these documents is listed at the 
end of this chapter.]) Regulations administered by OSHA 
and standards promulgated by the JCAHO require hospi- 
tals to be capable of providing care to those exposed to or 
contaminated by hazardous substances (e.g., accidental 
releases from chemical plants and storage facilities; ac- 
cidents involving transportation of hazardous materials; 


hazardous material spills within hospitals; terrorism; and 
release of hazardous materials resulting from natural dis- 
asters, such as tornadoes, hurricanes, floods, wildland 
fires, and earthquakes). Although the planners might be- 
lieve that most victims will be decontaminated before 
reaching the hospital (163), evidence suggests that this is 
not a reliable assumption (164). 

A great deal of controversy exists about what constitutes 
adequate personal protective equipment (PPE). Although 
some believe that surgical gowns, gloves, masks, and 
booties are sufficient, others believe that the minimal 
level of gear should include a full-faced respirator, 
chemically resistant suit, hood, boots, and gloves. The 
type of respirator is also a subject of debate—some 
advocate masks that use a cartridge to filter out toxic 
substances, and others favor air-supplied (hose or tank) 
respirators (163,165-167). 

Several other proposals have been made for prepared- 
ness, including the following: 


m Development of a plan for hazardous materials casual- 
ties 

m Training (including annual refresher training) for staff 
involved in the decontamination process 

m Availability of appropriate PPE for staff involved in 
treatment or decontamination of contaminated casu- 
alties 

m Facilities for carrying out decontamination, even under 
inclement weather conditions. If such facilities are 
located indoors, they should be in an area isolated 
from other patients and staff 

m Separate entrance for contaminated patients; an iso- 
lated, negative-pressure ventilation system; and a means 
for collecting contaminated water used in the decontam- 
ination process 

m Access to sources of information on the toxicity of 
specific chemicals that can be rapidly accessed even 
when the telephone system is nonfunctional 

m Antidotes for hazardous material (hazmat) substances 
(e.g., pralidoxime, atropine, and cyanide kits) 


The theoretical benefits of these various options con- 
tinue to be argued, and some may feel that meeting some 
of these requirements may be ideal but impractical. Little 
in the way of empirical observations exists to clarify the 
issue. The regulatory situation, however, is more clear. 
OSHA regulations stipulate that a filter mask can be used 
only when the chemical and its air concentration can be 
identified, the chemical has adequate warning properties 
(e.g., smell or mucous membrane irritation) that occur 
before its toxic effects, and a cartridge is available for 
the specific chemical. When the chemical is unknown, 
the minimal level of protection required by OSHA is an 
air-supplied respirator (163). 

Given that the conditions are limited for allowing 
filter masks, reliance on air-supplied respirators as the 
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standard might be more practical. Planners should also be 
aware that persons expected to use respirators (whether 
cartridge or air-supplied) must also be fit tested using 
National Institute for Occupational Safety and Health 
(NIOSH)-approved procedures. A listing of additional 
reading materials on hospital and medical preparedness 
for hazardous materials incidents is provided in the 
“Further Reading and Sources of Information” section 
at the end of the chapter. 

LEPCs, required by SARA Title III, must designate a 
local hospital that has agreed to accept and treat victims 
of emergencies involving hazardous substances (168-171). 
Unfortunately, this can create a false sense of security for 
other hospitals if they believe they are relieved of respon- 
sibility because theirs is not the designated hospital. As 
has been demonstrated, most disaster casualties are trans- 
ported completely outside the local EMS system, and local 
authorities have little control over which hospitals will re- 
ceive them. Therefore, regardless of what any community 
disaster plans might stipulate, any hospital might receive 
such patients and therefore must be prepared for them. 

Recently, a great deal of national concern has been 
focused on the threat of mass casualty events resulting 
from terrorism. As a result, large amounts of money have 
been appropriated in an effort to prepare first responders 
to deal with this threat. Unfortunately, as was noted earlier 
in this chapter, this effort has failed to recognize that 
in most mass casualty events, including those involving 
hazardous chemicals and infectious disease outbreaks, 
the hospital is the primary first responder. Furthermore, 
a paucity of funding for hospital preparedness for these 
events is seen, although numerous studies have pointed 
out that most hospitals are not adequately prepared for 
even one patient contaminated by hazardous material, 
much less for a multitude of such casualties (172-179). In 
a survey of all the nation’s Level 1 trauma centers, fewer 
than 3% of the respondents were adequately prepared for 
a patient exposed to hazardous materials (180). Because 
nonterrorist hazardous materials incidents are more 
common and frequently involve a greater variety of toxic 
substances, these should be the focus for preparedness 
efforts. Likewise, building the public health infrastructure 
for dealing with epidemics and disease outbreaks should 
be the foundation for preparing for terrorism involving 
infectious agents (163,181). 

Some have suggested that in terrorist attacks psycho- 
logical casualties will predominate. However, the pro- 
ponents of this assertion offer no empirical evidence to 
support their claims (167,182). Others have expressed 
concern over the probability of mass hysteria or mass psy- 
chogenic illness because of chemical spills (164). However, 
often, these diagnostic conclusions are made because of 
patients who arrive at hospitals complaining of symptoms 
not accompanied by physical findings. Although psycho- 
logical casualties may certainly occur because of disasters 


involving terrorism, current evidence does not support the 
assertion that they will predominate. Although the Diag- 
nostic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV) describes psychiatric problems that may 
occur in disasters, such as post-traumatic stress disorder 
(PTSD), “mass hysteria” and “mass psychogenic illness” 
are not recognized psychiatric disorders (183). 

Persons without demonstrable clinical abnormalities 
may have other reasons for seeking help besides psycho- 
logical disorders. Phosgene gas, for example, can produce 
hyperventilation and shortness of breath without hypoxia 
or abnormal x-ray findings in the early stages. Victims 
can subsequently develop a delayed but rapid onset and 
potentially fatal pulmonary edema (184). Many who think 
they may have been exposed to a hazardous substance 
may want to be examined as a precaution (e.g., for insur- 
ance purposes) in case they later develop a disability due 
to any exposure. Furthermore, one should recognize that 
neurotoxicants, by their physiological effects, can create 
psychological symptoms and can be misdiagnosed as psy- 
chologically induced illness. Sarin, the nerve agent used 
in the 1995 terrorist attack on the Tokyo subway system, 
can cause chronic neurobehavioral effects (185). Other 
examples of neurotoxic chemicals that can cause psycho- 
logical dysfunction include mercury vapor (186), carbon 
monoxide (186), hydrogen sulfide (187), and organic sol- 
vents (188). 

Psychogenic illness is a diagnosis of exclusion (189- 
191). The conclusion that symptoms are psychogenic 
is always tenuous because it is based primarily on the 
absence of physical evidence rather than on the presence 
of a clearly defined set of precipitating psychological 
conditions (192). The success in excluding other causes of 
illness is often related to perseverance on the part of the 
investigator. 

Many of the papers alleging cases of “mass hysteria” 
have not reported enough information to rule out chemical 
toxicity as the cause of patient complaints (190,192-195). 
In some cases when delayed sampling has been done, the 
presence of toxic substances during the actual onset of 
symptoms could not be ruled out (190,196). Some articles 
on “mass hysteria” have still applied the label even when 
toxic chemicals or other causes of physical illness were 
present at the site (196-199). 

Sometimes, because of the presumption that the inci- 
dent was due to “mass hysteria,” a deliberate decision is 
made to forgo detailed epidemiological investigation (200) 
because of the belief that such an inquiry will perpetuate 
or exacerbate the “hysteria” (201). Some have suggested 
that mass psychogenic illness is common, and they have 
even gone so far as to state that “many more outbreaks are 
unreported” (202) (how one identifies an unreported case 
is not made clear). However, Sirois, in an extensive review 
on the subject, could identify only 78 purported outbreaks 
during a 100-year period (203). 
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Many of the symptoms attributed to “mass hysteria,” 
such as nausea, headache, fatigue, dizziness, fainting, 
and shortness of breath (198), can also be caused by 
toxic chemicals and other illnesses. Other attributes that 
have been suggested as suspicious for a hysterical or 
psychogenic etiology include young age and female gen- 
der. However, because these attributes are often used, 
a priori, as diagnostic criteria for “mass hysteria,” their 
presence in such “diagnosed” cases is not particularly sur- 
prising, nor does their incidence inspire confidence in the 
diagnosis. 

In summary, “mass hysteria,” if it exists at all, 
is a rare phenomenon. At best, “mass hysteria” is a 
diagnosis of exclusion; therefore, it is difficult to make 
this diagnosis in the acute aftermath of a mass casualty 
incident. In addition, a misdiagnosis could result in a 
medical, as well as a public relations, disaster. The best 
strategy when faced with large numbers of casualties with 
unexplained symptoms is probably to provide facilities 
(e.g., an auditorium) where medical supervision can be 
undertaken for a large number of victims by relatively 
few medical personnel. Facilities and provisions should 
be made for rapid intervention if the condition of the 
victims deteriorates during the observation period. In the 
meantime, environmental health authorities can carry out 
detailed investigations to determine whether a hazardous 
exposure has occurred. 

Officials should be hesitant to attribute symptoms to a 
hysterical cause. Communications with the media should 
identify the situation as an illness of unknown cause that 
is under investigation. Meanwhile, the information given 
to the media should state that, until a diagnosis is made 
or the symptoms resolve, every precaution is being taken 
to assure the victim’s safety and well-being. 


Triage 


Although disaster triage is often preached as an ideal, 
field observations indicate that most casualties do not 
undergo triage in the prehospital setting. To a large 
extent, this is because most patients are rescued and 
transported to hospitals by the efforts of bystanders. 
Because much of the search and rescue done by formal 
emergency response personnel is carried out by firefighters 
and peace officers, their lack of training in the triage 
system can contribute to the problem (6). Some triage 
systems call for the use of tags to identify the patient’s 
priority and other limited patient information, as well 
as for patient tracking (6). However, in numerous cases, 
these tags have not been used (59,77,114,204), sometimes 
because they were not available when and where they 
were needed (2,71,205). In other cases, the use of tags was 
abandoned because of the perception that it slowed down 
the triage process (40,58). In some instances, tags were 
not used in normal emergency responses, so personnel 


were not familiar with them and they did not use them in 
disaster triage (99). 


Example: San Francisco Earthquake, 1989. In a 
survey carried out after the 1989 San Francisco Bay 
area earthquake, approximately 70% of emergency 
department physicians and nursing staff stated that 
they were familiar with the disaster tags to be used 
by their facilities. However, less than half reported 
that the tags were actually used on the night of the 
disaster (30). 


No standard or universal method of triage exists. In 
the various systems that have been described, the num- 
bers of triage categories vary from two to five or more. 
Various colors, numbers, and symbols have been used 
to identify these categories. The subject of triage is also 
covered in Chapter 2. A paucity of empirical studies ex- 
ists for demonstrating the efficacy of one triage system 
over another. However, as has been noted previously, ap- 
proximately 10% of disaster casualties on average require 
admission to the hospital even overnight. Therefore, even 
the most crude forms of triage can identify the more than 
90% of casualties that do not require emergency surgery or 
critical care (6). Because people do not stop having heart 
attacks, exacerbations of chronic lung disease, diabetes, 
high blood pressure, and obstetrical and gynecological 
problems, the triage system used must be able to prioritize 
these conditions, as well as disaster-related injuries. 

One method of promoting the use of triage by 
ambulance and rescue personnel is to require them to 
assign a triage category to each patient transported on 
a day-to-day basis in nondisaster times. This category 
becomes a part of the prehospital patient record and 
the radio report to the hospital. EMS personnel and, 
secondarily, hospital staff therefore become oriented 
to the process. Therefore, when disaster strikes, triage 
categories are not an unfamiliar procedure. How many 
ambulance, rescue, fire, and law enforcement personnel 
have received formal training in triage is unclear. To the 
extent that such training does not occur, one cannot expect 
a high level of field triage to be carried out in disasters. 


Security and Staff Identification 


One need that has been described repeatedly in the dis- 
aster literature is for some sort of identification gear 
to indicate key players in the disaster response. Arm 
bands, helmets, and vests are among the techniques sug- 
gested. Despite the presence of numerous recommenda- 
tions as lessons learned from various disasters, the failure 
to make provisions for identification continues to be a 
problem (40,57,59,65,70,71,81,114,134,206,207). In some 
cases, this failure has resulted in disaster medical per- 
sonnel being unable to get through roadblocks on their 
way to the hospital (205,208). One possible solution to 
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this problem is to assign a person from the hospital to 
report to a check-in area outside any security perimeter 
that blocks access to the hospital. That person vvould be 
provided with preprinted generic plastic badges to iden- 
tify authorized hospital staff. A list of hospital staff and 
employees would also be provided to indicate who is el- 
igible for the badges. Employees would need to present 
a picture identification (e.g., driver /s license) so that their 
name could be compared with the staff listing. This could 
be done in collaboration with the local law enforcement 
agency. 


The Incident Command System 


In the fall of 1970, southern California was ravaged by a 
series of devastating wildland fires that burned more than 
600,000 acres and 772 structures in 13 days and resulted 
in the loss of 16 lives. As the result of extensive coordi- 
nation problems identified in a report on the emergency 
response, Congress funded a consortium of state, county, 
and city fire departments, which was led by the U.S. Forest 
Service, to address some of the response problems. Among 
the accomplishments of the consortium called Firefighting 
Resources of Southern California Organized for Potential 
Emergencies (FIRESCOPE) was the development of the 
Incident Command System (ICS). ICS is a standardized 
organizational structure and set of procedures for vari- 
ous fire departments to use in large-scale emergencies. 
Subsequently, ICS users found it to be useful for other 
incidents, such as earthquakes and floods. The system has 
been widely adapted by fire departments, as well as by 
other emergency response organizations, such as law en- 
forcement agencies, EMS providers, and hospitals (6,209). 
A number of variants of the original FIRESCOPE ICS have 
arisen over the years. Some of these variants are simpler to 
use, but they lack key elements for dealing with large-scale 
disaster operation. Although a detailed discussion of ICS 
is beyond the scope of this chapter, further information 
on FIRESCOPE ICS is available. See Chapter 7 of ([6]) 
and consult the sources of information listed in “Further 
Reading and Sources of Information” at the end of this 
chapter. 


Planned Improvisation 


As was mentioned at the beginning of the chapter, effective 
planning involves the following two strategies: (a) plan- 
ning for what is likely and (b) planned improvisation. 
Planned improvisation is particularly important where 
overlapping jurisdictional responsibilities are present and 
where problems or tasks arise for which no organization 
has clear-cut jurisdiction. 

For example, in June 1978, a showboat carrying 60 
passengers and crew capsized on Lake Pomona in Kansas 
following a tornado. This incident took place on a federal 


reservoir in a state park in an unincorporated area of the 
county. Unfortunately, no existing state law defined who 
should be in charge. Even if one had existed, it would 
not have applied to federal authorities. The matter was 
resolved after the county attorney was consulted, who 
declared the sheriff to be in charge (210). 

Planned improvisation might include mutually agreed- 
upon preplanned responsibility and procedures for the 
following: 


m Identifying areas stricken by the disaster and the nature 
and scope of damage and health effects 

m Determining what agencies have disaster responsibili- 
ties 

m Agreeing on one agency to assume the overall coordina- 
tion role for the response 

m Identifying those who have responded and notifying 
those that still need to respond 

m Establishing a joint, multiagency command post and, if 
needed, an off-site joint emergency operations center 

m Creating a means of rapid information sharing among 
the response organizations (two-way radio networks) 

m Agreeing upon a joint incident response strategy 

m Establishing check-in or “staging” areas to which 
incoming responders and volunteers should report 

m Identifying what resources are committed, what is 
needed, and what is available 

m Deciding what tasks are to be carried out by whom 

Determining priorities for the use of available resources, 

including those that are volunteered and donated 

m Monitoring the progress of the disaster, including any 
secondary threats, and the response 

m Adjusting the incident strategy as conditions change 

Deciding when to terminate the response 


The need for improvisation in disasters should be 
expected so that it can be planned for. The FIRESCOPE 
ICS provides procedures for most of these planned 
improvisation activities. 


Training, Drills, and Critiques 


Even if a community develops a plan that addresses the 
recommendations provided in this chapter, the imple- 
mentation of these plans is unlikely in the absence of an 
effective training program. Several advantages exist for 
establishing a joint training program. First, as has been 
shown, disaster responses are more effective when for- 
mal and even informal relationships have been previously 
established among the various responders. Joint training 
is one strategy for encouraging such relationships. Sec- 
ondly, joint training fosters an understanding not only 
of what activities and responsibilities need to be carried 
out but also of how those activities facilitate or inhibit 
the abilities of others to carry out their responsibilities. 
Finally, a community-wide or statewide training program 
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can reduce the costs of training and can make carrying out 
training at multiple times and locations economically fea- 
sible, so that the training is more available to the potential 
users (160). 

The usefulness of disaster drills in improving the re- 
sponse to subsequent disasters has been mentioned in a 
number of reports (2,10,58,211,212). However, one could 
also say that having a drill without the prerequisite train- 
ing is like having the final examination without having 
attended the course. The usefulness of drills is enhanced if 
they are based on valid assumptions about what happens 
in disasters and if they have multiagency participation. 
Unfortunately, disaster drills are often a means of sat- 
isfying minimal requirements (e.g., those imposed by 
JCAHO) rather than being processes that impart a sig- 
nificant amount of learning to the participants (1). Other 
learning techniques that can enhance institutional dis- 
aster response capacity include holding brief critiques 
after small emergencies involving multiple casualties, 
maintaining a community disaster planning body, and 
regularly reviewing mutual aid agreements with other 
involved organizations. Finally, no community prepared- 
ness program is complete without the establishment of a 
method of learning from disasters and disaster drills and 
of implementing the lessons learned to improve disaster 
management procedures and training. 


POSTSCRIPT: THE WORLD TRADE 
CENTER ATTACK OF SEPTEMBER 11, 
2001 


The terrorist attack on the World Trade Center is the 
eighth peacetime disaster in US history with more than 
1,000 fatalities. As in previous disasters, telephone and 
cellular telephone circuits were overloaded. A newspaper 
article estimated that the predisaster cellular traffic of 115 
million calls a day in the New York metro area reported by 
Verizon Wireless doubled during the disaster (213). Even 
calls using the GETS would not go through. A number of 
patterns were seen in this disaster that have been described 
in previous disasters. As in previous disasters, the number 
of offers of voluntary assistance was overwhelming. 
According to an article in EMToday, a newsletter published 
by the American College of Emergency Physicians, the 
Healthcare Association of New York State established a 
hotline for medical volunteers. On the first day, more than 
40,000 calls were received. The line was so congested that 
it took more than 4 hours for some physicians to get 
through. More than 10,000 medical volunteers were put 
on standby with state emergency management officials. 
By 5 PM on Wednesday, September 12, the hotline was 
shut down. Those who called after the shutdown received 
a message stating, “We have received an overwhelming 
response to our call for assistance. Thank you for your 


concern. We are unable to accept any more calls” (214). 
Discussions with emergency physicians from New York 
City revealed that no interhospital radio communications 
network was present and that hospitals were not able to 
receive timely information from the scene. By the end of 
the second day after the attack, New York City had in 
excess of 3,000 surplus hospital beds available for disaster 
victims. Television news reports showed the extensive 
preparations being made at area hospitals, which waited 
for the arrival of disaster victims that never came. Blood 
donors came out in droves. Despite the massive amount 
of destruction, most surviving casualties had relatively 
minor injuries. As in other large building collapses, most 
surviving victims were rescued on the first day. At the time 
of writing this, 12 days after the attack, no additional live 
rescues have occurred since the five survivors were pulled 
out of the rubble on the second day. 


CONCLUSION 


This chapter has attempted to point out a number of 
principles for effective hospital disaster planning. Some 
of the most important points are summarized here. 


1. Disaster planning is only as effective as the assump- 
tions upon which it is based. Unfortunately, many 
commonly held assumptions are inaccurate or un- 
true. The effectiveness of planning is enhanced when 
it is based on information that has been empirically 
verified by systematic field disaster research studies. 
Most disasters cannot be adequately managed merely 
by mobilizing more supplies, equipment, and person- 
nel. Disasters are different from daily emergencies, 
and they pose problems that have no counterpart 
in routine emergency responses. Many of these 
disaster-related problems have been identified by dis- 
aster researchers, and they can be anticipated and 
planned for. 

Although completing a written plan is important, it 
is, by itself, insufficient to assure preparedness. Plans 
must be practical for, acceptable by, and familiar to 
the users. Plans must also be interorganizational, and 
they must be based on valid information about what 
happens in disasters. Finally, resources (e.g., time, 
personnel, funding, facilities, and equipment) must 
be made available to carry out the plan. 

The process of planning is more important than the 
written plan because those who participate in the 
planning process are more likely to accept the end 
product. The process is also important because the 
relationships that develop enable smoother responses. 
Disaster planning often has to overcome apathy and 
complacency. Dealing with barriers to and incentives 
for planning is one of the most important steps to 
insure preparedness. 
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6. Cost-effective planning can be accomplished by means 
of a two-pronged strategy—plan for what is likely and 
develop procedures for planned, coordinated impro- 
visation. The ICS provides some useful procedures for 
coordinated improvisation. 

7. A large portion of the care given to disaster casual- 
ties is carried out by volunteers. In many cases, these 
volunteers are untrained and their response is un- 
solicited and therefore unexpected. Effective disaster 
planning needs to anticipate volunteers and to develop 
guidelines and procedures for dealing with them. 

8. Numerous studies and anecdotal reports clearly show 
that telephones and cellular telephones are unreliable 
in disasters and that the lack of interagency mutual aid 
radio networks frequently hampers effective response. 

9. In disasters, emergency response units will often 
come from many miles away. For this reason, the 
establishment of regionwide, or even better, statewide 
disaster plans, is helpful in promoting a coordinated 
response. 

10. Most disaster casualties will arrive at the hospital 
within 1 hour of the impact, and very few trapped ca- 
sualties are rescued alive after the first day. Therefore, 
the effectiveness of the local response is a key deter- 
minant in preventing death and disability. National 
rescue and medical teams that come from across the 
country will have little overall impact on casualty 
survival. 

Although hospital treatment of the critically injured 
is often the focus of disaster planning, most casualties 
tend to have minor injuries that could be treated in the 
nonhospital setting. Nonhospital medical assets (e.g., 
private physicians’ offices, clinics, and urgent care 
centers) should be integrated into disaster medical 
planning. When patients lose access to their routine 
sources of medical care in disasters, they can increase 
the burden on hospitals. Disaster planning should in- 
clude provisions to assure the survival and function of 
these routine sources of care (e.g., pharmacies, dialy- 
sis clinics, home health care agencies, nursing homes, 
assisted living facilities, and psychiatric facilities). 
12. The news media has a vital role in disasters, and 
failure to include the media in planning can lead to a 
dysfunctional response. 

Preventing hospitals from becoming disaster victims 
is crucial. Hospitals should not be constructed in ar- 
eas of the community at high risk for disasters (e.g., 
in plains prone to flooding or near earthquake faults). 
Construction according to up-to-date building codes 
will reduce the damage to hospitals that might result 
from a disaster. Even if the hospital survives the disas- 
ter, the lack of adequate utility backup arrangements 
can greatly impede patient care. To assess whether 
a hospital is still safe for occupation and use after 
a disaster, the importance of planning postimpact 
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assessment by trained structural engineers cannot be 
minimized. VVhen hospitals are disabled by a disaster, 
community-wide plans for patient evacuation to other 
medical facilities must be in place. 

JCAHO standards and federal regulations require 
hospitals to prepare for patients contaminated by 
hazardous substances. Some have recommended des- 
ignating one hospital in each community to which 
contaminated patients should be sent. However, most 
disaster casualties tend to go to the closest or most 
familiar hospital, and this may not be the one des- 
ignated for contaminated patients. Therefore, every 
hospital needs to prepare for these patients. Sufficient 
preparedness requires the development of a plan; the 
establishment of a training program; and the availabil- 
ity of PPE, decontamination facilities, and appropriate 
antidotes. 

Although some have claimed that most casualties 
in disasters due to chemical terrorism will be psy- 
chogenic or hysterical, little evidence supports this 
assertion. Many who show up at hospitals, however, 
may be among the “worried well” or those suffering 
from mild exposures. Some exposures to chemicals 
used by terrorists (e.g., inhalation of phosgene or skin 
exposure to Sarin) can have life-threatening effects, 
the onset of which may be delayed by many hours. 
When large numbers of casualties are seen and the 
cause of their symptoms cannot be immediately iden- 
tified, the best strategy may be to provide a large-scale 
medical observation capacity until a serious exposure 
can be ruled out (e.g., observation in an auditorium or 
gymnasium where a few medical personnel can watch 
a large number of people with access to rapid medical 
care if any patient’s condition deteriorates). 
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structure, contact the Boise Interagency Fire Center, Division of 
Training, Bureau of Land Management at 3905 Vista Avenue, Boise, 
ID 83705; or at 208-334-9202. Alternatively, contact the Support 
Services Manager, FIRESCOPE, Operations Coordination Center at 
P.O. Box 55157, Riverside, CA 92517; or 714-782-4174. 


Periodicals and Journals 


Disaster Recovery Journal (dedicated to business continuity). Contact 
information: Richard Arnold. Telephone at 314-894-0276; fax 
at 314-894-7474; e-mail at drj@drj.com; or visit on the web at 
http://www.drj.com/. Free, 2006. 

Disaster Research Newsletter. Boulder, CO: University of Colorado, 
Contact information: Telephone at 303-492-6819; e-mail at hazctr@ 
spot.colorado.edu; or visit on the web at http:/www.colorado.edu/ 
hazards/. Free, 2006. 

International Journal of Mass Emergencies and Disasters. Los Angeles: 
University of Southern California. Contact information: Telephone 
at 213-740-6842; e-mail at ijmed@usc.edu; or visit on the web at 
http://www.usc.edu/schools/sppd/ijmed/, 2006. 

The Natural Hazards Observer. Boulder, CO: The Natural Hazards 
Research and Applications Information Center. Contact infor- 
mation: Mail requests to The Natural Hazards Research and 
Applications Information Center, IBS #6; Campus Box 482; Uni- 
versity of Colorado; Boulder, CO 80309; telephone at 303-492- 
6819; e-mail at hazctr@spot.colorado.edu; or visit on the web at 
http://;www.Colorado.edu/hazards/. Free, 2006. 

Disasters: Preparedness and Mitigation in the Americas. Washington, 
DC: Pan American Health Organization (PAHO). A newsletter. 
Contact information: Telephone at 202-974-3527; fax at 202-775- 
4578; e-mail at disaster@paho.org; or visit on the web at http://165. 
158.1.110/english/ped/pedtm3en.htm, 2006. 


DISASTER BIBLIOGRAPHIES 


1997 Information sources. Natural hazards observer. special edition, 
June 1997. Contact information: Direct mail to Natural Hazards 
Research and Applications Information Center, IBS #6; Campus 
Box 482; University of Colorado; Boulder, CO 80309; telephone at 
303-492-6819; e-mail at hazctr@spot.colorado.edu; or visit on the 
web at http://www.Colorado.edu/hazards, 2006. 

Bibliodes: a selected bibliography series. This is a series of specialized 
bibliographies that extract information by the individual topic area 
from DESASTRES, the master database of the Regional Disaster 
Documentation Center. Washington, DC: Pan American Health 
Organization (PAHO). Contact information: Telephone at 202-974- 
3527; fax at 202-775-4578; e-mail at disaster@paho.org; or visit on 
the web at http://165.158.1.110/english/ped/pedbibdi.htm, 2006. 

California Seismic Safety Commission publications. Sacramento, CA: Cali- 
fornia Seismic Safety Commission. Contact information: Telephone 


at 916-322-4917; or visit on the web at http:/;www.seismic. 
ca.gov/, 2006. 

Disaster humanitarian assistance. Publications and training materials. 
Washington, DC: Pan American Health Organization (PAHO). Con- 
tact information: Telephone at 202-974-3527; fax at 202-775-4578; 
e-mail at disaster@paho.org; or visit on the web at http://165.158. 
1.110/english/ped/pedhome.htm, 2006. 

Disaster medicine bibliography. Contact information: Visit on the web 
at http://www.mother.com/-hxgarzon/biblio.htm. (This bibliography 
has a focus on material relevant to urban search and rescue teams.), 
2006. 

Disaster research center publications. Newark, DE: University of 
Delaware. Contact information: Telephone at 302-831-6618; fax 
at 302-831-2091; e-mail at susan.castelli@mvs.udel.edu; or visit on 
the web at http://www.udel.edu/DRC/publications.html, 2006. 


Internet Sources Of Disaster Information 


Many of the following are sources of research information. Many have 

extensive links to other disaster information sources. 

Agency for Toxic Substances and Disease Registry. Available at: 
http://www.atsdr.cde.gov/, 2006. 

Building Seismic Safety Council. Available at: http://www.bssconline. 
org/. (See Building code information: the 2000 NEHRP provisions 
for new buildings and other structures, FEMA 368, and FEMA 369.) 
2006. 

California Seismic Safety Commission. Available at: http://www.seismic. 
ca.gov/, 2006. 

California Office of Statewide Health Planning and Development. 
Available at: http://vvvvv.oshpd.ca.gov/index.htm. (This site has 
information on hospital compliance with seismic resistant building 
practices.) 2006. 

Centers for Disease Control and Prevention. Available at: http://vwww. 
cdc.gov/, 2006. 

Centers for Disease Control and Prevention. Prevention guidelines. Avail- 
able at: http:/;www.phppo.cdc.gov/CDC recommends/AdvSearchV. 
asp. (This site includes a number of documents dealing with disas- 
ters.) 2006. 

Disaster Central. Available at: http://www.disaster-central.com/, 2006. 

Disaster Management Higher Education Project, Emergency Manage- 
ment Institute, Federal Emergency Management Agency. Available 
at: http://www.fema.gov/emi/edu/higher.htm. (Several academic texts 
on disaster management are available for free downloading. Several 

of the texts are excellent sources of information from the disaster 

research literature and are a good basis for evidence-based disaster 

planning.) 2006. 

Disaster Net. Available at: http://www.disaster.net/disaster/disaster. 

html, 2006. 

Emergency Management Gold! 2000. Available at: http:/www.disasters. 

rg/emgold/index.htm, 2006. 

EPIX (Emergency Preparedness Information Exchange). Available at: 

tp://hoshi.cic.sfu.ca/epix/, 2006. 

Federal Emergency Management Agency (FEMA). Available at: http:// 
www.fema.gov/, 2006. 

Federal Emergency Management Agency (FEMA). Global Emergency 
Management System. Available at: http://www.fema.gov/gems/. 
(Links to information on preparedness, listed by topic.) 2006. 

Federal Emergency Management Agency. Mitigation. Available at: 
http://www.fema.gov/mit/, 2006. 

International Code Council. Available at: http://www _ inticode.org 
and _http://www.inticode.org/download/index.htm. (Information on 
building codes.) 2006. 

Occupational Safety and Health Administration. Hospitals and commu- 
nity emergency response—what you need to know. OSHA 3152. Avail- 
able at: http://www.osha-slc.gov/Publications/OSHA3152/osha3152. 
html. (A pamphlet about preparedness for chemically contaminated 
patients.) 2006. 

Institute for Business and Home Safety. Available at: http://www.ibhs. 
org/ibhs2/. (Several free documents on how to build and retrofit 
buildings to withstand natural disasters.) 2006. 

Pan American Health Organization (PAHO). Available at: http://165.158. 
1.110/english/ped/pedhome.htm, 2006. 
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University of Colorado. Natural Hazards Center. Available at: http:// 
www.Colorado.edu/hazards/, 2006. 

University of Delaware, Disaster Research Center. Available at: 
http:/;www.udel.edu/DRC/, 2006. 

World Health Organization (WHO) Handbook for Emergency Related 
Field Operations. Available at: http://www.who.int/disasters/tg.cfm? 
doctypeID=25, 2006. 

World Health Organization (WHO) Health Library for Disasters. 
Available at: http:/www.helid.desastres.net/. (Downloadable full-text 
documents.) 2006. 
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ELIISE s: 


Emergency Medical Services in Disasters 


David W. Callaway 


“I have left orders to be awakened at any time in case of 
national emergency, even if I’m in a cabinet meeting.” 

Ronald Reagan, 40th president of the US 

(1911-2004) 


Disaster mitigation is coordinated chaos. Response op- 
erations are complex and demand delicate interagency 
coordination coupled with aggressive integrated action. 
The role of emergency medical service (EMS) in disaster 
is to provide effective prehospital casualty care, prevent 
further life-threatening or acute illnesses, and facilitate 
resolution of the medical component of the event. Histori- 
cally, EMS has been responsible for triage, treatment, and 
transportation of casualties. Fire services have provided 
incident command, fire suppression, rescue teams, and 
manpower assistance. Law enforcement personnel have 
provided security, perimeter control, and access/egress 
management (1). However, experiences from recent disas- 
ters such as the 9/11 World Trade Center (WTC) bombing 
and the 2005 devastation from Hurricane Katrina indicate 
that the role of EMS in disaster mitigation is actually 
much more complex. 

The mission assigned to prehospital medical providers 
varies within each jurisdiction. The most consistent theme 
is the need to identify, extricate, triage, and transport ca- 
sualties from a scene to a definitive care facility. However, 
few disasters follow neatly designed protocols; communi- 
cations systems fail, triage plans change, and casualties are 
transported by means other than ambulances (2-4). No- 
tification and patient disposition outcomes are frequently 
different from the expectations of those receiving facili- 
ties. Furthermore, the nature and amount of prehospital 
medical care that is provided often differs from the expec- 
tations of receiving facilities. Commonly, care in the field 
is limited to wound dressings, oxygen, and C-spine pro- 
tection. Few disaster operations use established treatment 
areas where anything beyond basic care is provided (5,6). 

Several studies report that 50% to 80% of acute 
casualties will likely arrive at the closest medical facility 
within 90 minutes of a catastrophic event (7,8). Many of 


these casualties self triage and do not interact with the 
EMS system. On average, the walking wounded spend 
3 to 6 hours in an emergency department (ED) (9,10). 
Fortunately, most domestic disasters result in fewer 
than 40 casualties. Only six incidents in US history 
have resulted in more than 1,000 casualties. However, 
in 2000 the American Red Cross (ARC) responded to 
more disasters than at any other time in US history. 
Internationally, large natural disasters such as the 2003 
earthquake in Iran, the 2004 tsunami in South East Asia, 
and the 2005 earthquake in Pakistan create unique EMS 
and humanitarian challenges. This chapter focuses mainly 
on US domestic EMS roles and responsibilities in disaster. 
However, the general concepts, especially the Incident 
Command System (ICS), are applicable in all disaster 
response missions. 


HISTORY OF EMERGENCY MEDICAL 
SERVICES IN THE UNITED STATES 


War and armed conflict drive the evolution of an EMS. In 
the 21st century, the Korean conflict brought physicians 
and nurses closer to the casualties by the large-scale use of 
Mobile Army Surgical Hospital (MASH) units. In Vietnam, 
routine use of helicopter casualty evacuation (CASEVAC) 
platforms dramatically reduced combat casualties. In 
Iraq, the use of Shock Trauma Platoons (STP), Forward 
Resuscitative Surgical Suites (FRSS), dedicated air and 
ground CASEVAC, and improved first responder training 
has further diminished traumatic deaths (11). 

Domestic EMSs drew upon our nation’s military expe- 
riences to create the current systems of disaster response. 
In 1966, the National Academy of Sciences-National Re- 
search Council (NAS-NRC) published a seminal white pa- 
per entitled Accidental Death and Disability: The Neglected 
Disease of Modern Society. On the basis of the recom- 
mendations set forth in this paper, Congress passed the 
Highway Safety Act of 1966, creating the National Highway 
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Traffic Safety Administration (NHTSA) and the U.S. De- 
partment of Transportation (USDOT). These organizations 
were largely responsible for legislating and funding local 
and regional EMS efforts. Shortly thereafter, The United 
States EMS Act of 1973 (Public Law 93-154) further de- 
fined an EMS as, “a system, which provides for the ar- 
rangement of personnel, facilities, and equipment for the 
effective and coordinated delivery in an appropriate ge- 
ographic area of health care services under emergency 
conditions (occurring either as a result of the patient’s 
condition or of natural disasters or similar conditions) and 
which is administered by a public or nonprofit private en- 
tity, which has the authority and the resources to provide 
effective administration of the system.” 

In 1979, President Carter consolidated several federal 
agencies under the auspices of the newly formed Fed- 
eral Emergency Management Agency (FEMA). Through the 
1980s, FEMA assisted in the development of the Na- 
tional Interagency Incident Management System (NIIMS, 
recently renamed as “National Incident Management Sys- 
tem (NIMS)” based on the California Fire Department’s 
ICS concepts. NIMS was created to establish a common 
framework and language within which all disaster re- 
sponse agencies at the local, regional, and national level 
could effectively work. In 1983, by an executive order, 
FEMA assisted in the development of the National Dis- 
aster Medical System (NDMS) that established regional 
disaster medical assistance teams (DMAT) and rapidly de- 
ployable medical response units capable of assisting in 
domestic or international disasters (ID). 

In response to the September 11, 2001, WTC attacks, 
the federal government created the Department of Home- 
land Security (DHS). In 2002, DHS assumed authority 
over all federal response agencies including FEMA. Sub- 
sequently, DHS drafted the 2005 National Response Plan 
(NRP) describing the roles and responsibilities of state, lo- 
cal and tribal responders, DHS and federal departments, 
nongovernmental organizations (NGOs), and private sector 
groups in disaster response. The NRP endorses the NIMS 
framework and provides a core set of doctrines, concepts, 
and principles for responders. It does not provide an op- 
erational incident management plan or dictate resource 
allocation. EMS organizations operate within the NIMS 
during most large-scale disaster responses. 


A COMMON LANGUAGE: EMERGENCY 
MEDICAL SERVICE DISASTER 
RESPONSE TERMINOLOGY 


The EMS definition of a disaster often varies from that 
of emergency medicine, public health, or the research 
disciplines. EMS organizations tend to evaluate disasters 
from a response-related point of view. In addition, EMS 
organizations often have different criteria for defining 


a disaster. An event can be a disaster without necessarily 
becoming an MD. An earthquake may cause the disruption 
of the public works, police, and fire departments without 
creating enough patients to overwhelm the health care 
delivery system. Conversely, an MD may occur without 
the infrastructure of a city being adversely affected. MDs 
are defined by the amount of available medical resources 
in relation to the needs of individuals requiring care at 
a specific place and time. For example, a car crash with 
six victims is absorbed into a large metropolitan EMS 
without notice, whereas the same crash may result in the 
activation of the disaster plan of a rural EMS. 

Disasters in the United States will rarely create enough 
casualties to totally overwhelm overall medical capability 
of a large community's health care system. But the 
misdistribution of casualties and medical resources may 
cause local treatment sites to be overwhelmed (9,12,13). 
The Kansas City Skywalk collapse, the Oklahoma City 
bombing and the events of September 11 all created 
casualty counts that overwhelmed the local EMS system. 
However, in each case, the hospital infrastructure was 
capable of handling the increased patient load (14-16). 
The recent outbreaks of avian influenza and severe 
acute respiratory syndrome (SARS) portend the threat of 
pandemics that could tax the health care delivery system 
to the breaking point long before employee absence due 
to illness adversely affects the city infrastructure. 

EMS is a vital component of the disaster response team, 
but it is not the only component. Historically, disaster 
response has been marred by miscommunication and 
lack of responding agency interoperability. The federal 
government developed the NIMS and the ICS concept to 
address this shortfall. However, understanding disaster 
response also requires a basic understanding of the 
common language. Acknowledging that there will remain 
some regional and local variation, general definitions 
include the following: 


m Disaster: any event that overwhelms the EMS re- 
sources available at a given time in a given jurisdiction. 

m Multiple Victim Incident (MVT) any event that causes 
more than one individual to become ill or injured. 

m Mass Casualty Incident (MCI): any event that causes 
a large number of individuals to become ill or injured. 

m Medical Disaster (MD): any event that causes a large 
number of individuals to become ill or injured such 
that the medical resources available at a given time in a 
given jurisdiction are overwhelmed. 

m Mutual Aid: agreement between neighboring commu- 
nities to provide support and assistance in the event of 
a disaster. 

m NIMS: (formerly NIIMS) framework for coordinating 
federal, state, local, tribal, and private sector response in 
disaster. The NIMS disaster mitigation system focuses 
on preparation, prevention, response, and recovery. 
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m ICS and Incident Management System (IMS): ICS 
and IMS create disaster management infrastructures 
within which responding agencies can act. Typically, 
the ICS/IMS organizational structure creates a chain of 
commands with clearly identified subordinate section 
responsibilities (17). ICS and IMS are discussed further 
in the operational section of this chapter. 


DISASTER AND MASS CASUALTY 
TYPES 


Disasters are complex emergencies. Common language 
has evolved to categorize disasters by type and severity 
to facilitate emergency response efforts. Governmental 
agencies use disaster categories for planning purposes 
to allocate resources and determine the need for asset 
mobilization. Disaster categories are described further in 
Chapter 1. 

EMSs and first responders should be familiar with 
disaster categories to understand the level of administra- 
tive and logistical support available. However, from an 
operational point of view, disasters are more effectively 
classified as either open or closed and finite or ongo- 
ing. Few disasters fit neatly into any particular category. 
However, this system creates a general framework within 
which to analyze, plan, and respond to disasters. 


Open 


An open disaster occurs over a large geographical area and 
presents many patient management issues. These events 
are usually natural in origin, and they can include earth- 
quakes, hurricanes, and tornadoes. Because the incident 
covers a large area, the control of patient flow and their 
disposition becomes more difficult. The disaster may be 
ongoing for several days. Therefore, EMS managers must 
seriously consider resource allocation and mutual-aid 
assistance. The ICS is essential for effective management 
and mitigation. The incident must be broken down into 
workable response units or task forces that address the 
numerous simultaneous events occurring at different loca- 
tions. The incident commander (IC) and medical director 
should focus on broad tactical guidance and allow the task 
force commanders to manage specific operational issues. 


Closed 


A closed disaster occurs within a small or confined area. 
These disasters generally tend to be technological. Closed 
disasters usually occur in an urban environment with 
little or no warning. They include building collapses, 
chemical explosions, and transportation accidents. The 
concentrated patient load presents several management 
challenges. First responder units are often initially over- 
whelmed. Overcrowding of response units and traffic 


gridlock are often problems with these events. Hospi- 
tals located in proximity to the incident tend to receive 
a sudden surge of patients, often without warning (the 
geographical effect). The infrastructure of a city usually 
remains intact and resources are available to respond to 
the incident. At times, the number of resources avail- 
able can present a management problem; this has been 
called the second disaster (5). The July 7, 2005 London 
train bombing that resulted in 100 deaths created a clas- 
sic closed disaster with scores of casualties buried in the 
underground tunnels. 


Finite 

A finite disaster has a defined beginning and a measurable 
end point. For example, a tornado strike can wreak havoc 
but only lasts a few minutes. In “normal” aircraft crashes 
or large traffic accidents, the primary event is completed 
by the time first responders arrive on scene. Finite 
disasters are confined within time and space, reducing the 
complexity of planning and management of the incident. 
Generally, a static number of injuries will have occurred 
and further casualties will be minimal. Local health care 
institutions will receive most patients within 2 hours of the 
incident (5,9). Following the initial patient influx, patient 
flow will slow to a trickle. The damage and injuries from a 
finite disaster may be extensive, but the causative process 
may have stopped. Therefore, efforts may be concentrated 
on rescue and recovery. 


Ongoing 


An ongoing disaster is defined by factors that continue 
to create casualties after the initial emergency response; 
these forces often overwhelm the available local resources 
and may continue to do so for an extended time. The initial 
events may be abrupt or insidious, slowly escalating until 
the situation deteriorates enough to warrant response. In 
these situations, responders are often forced to expend 
valuable resources to catch up. Examples of ongoing 
disasters include a pandemic of an infectious respiratory 
virus, floods, sustained armed conflicts, and complex 
humanitarian emergencies. 

Relief efforts in ongoing disasters must be very flexible. 
The ICS is particularly important in open-ended disasters. 
The IC must delegate responsibilities and insure communi- 
cation between the operations and planning team leaders. 
Immediate response and future planning must occur con- 
currently. Initial efforts should focus on rapidly limiting 
or eliminating causative factors. Operational efforts in- 
clude triage, treatment, security, and meeting short-term 
health needs. Planning is extremely difficult in these labile 
situations and requires long-range vision. 

Resource requirements will exceed those for a finite 
event due in part to the need for commitment to the 
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elimination of the causative factors. Affected patient 
populations will continue to grow and may overwhelm 
a system that is quite capable of handling an isolated 
event. Dwindling resources may force responders to make 
difficult decisions about rationing care. In hospitals, in- 
tensive care unit beds and ventilators may become scarce 
requiring government regulators or hospital committees 
to establish qualification criteria for patients who are 
critically ill and in need of ventilatory support. Often, 
communities become dependent on outside aid as local 
resources are saturated or depleted. 


Terrorism 


The addition of terrorism to the disaster equation raises 
several unique issues for responding agencies. Response 
teams must acknowledge several factors when addressing 
terrorist actions. First, a terrorists goal is to strike fear into 
the general population and cripple societal infrastructure 
by creating a sense of helplessness. Accordingly, terror- 
ists may employ weapons of mass destruction (WMD) 
(e.g., a nuclear, chemical, or biological agent), target first 
responders, or use secondary devices to disrupt relief ef- 
forts. Chemical or biological agents may still be found 
on patients, requiring mass decontamination before most 
treatment and transport can begin. Biological attacks may 
require the health care system to engage in mass prophy- 
laxis and immunization. Medical resources may become so 
scarce or so controlled that the population seeking medical 
attention will threaten the medical providers. Second, ter- 
rorists may target first responders. Security and situational 
awareness are essential for preventing secondary attacks 
and further loss of life. Third, psychological stress can 
create additional casualties who add to the already bur- 
densome number of patients. Finally, all terrorism events 
are crime scenes. Care must be taken to preserve evidence 
while triaging and treating patients (12). 

The basic tenets of disaster response for EMSs are 
sound even during a terrorist event. And, the concepts 
described in the preceding text are still critical for plan- 
ning and response to terrorist actions. However, additional 
training and resources are needed to meet the unique 
challenges associated with potential terrorist actions (17). 
Terrorist actions such as the 1995 Tokyo subway sarin 
gas attack, the 2001 WTC bombings, the 2002 US anthrax 
attacks, the 2005 Madrid train bombings, and the ongo- 
ing Israeli-Palestinian conflict are all classic examples of 
complex disaster response scenarios. Local EMS leaders 
should study these scenarios when developing immediate 
response plans. 


TOOLS OF THE TRADE 


EMS agencies carry a variety of items to assist in orga- 
nizing and processing the patients encountered during 


a disaster. These tools only work if the user is familiar 
and comfortable with them. Such equipment needs to 
be immediately accessible or the responders will operate 
without it, rendering lost whatever benefit the equipment 
may have offered. Disaster responders should also be 
familiar with the equipment used by allied organiza- 
tions. For example, EMS personnel should understand 
the Fire/Police communication system, response vehicles, 
and basic operational protocols. 


Command Material 


ICs should provide prompt cards and organizational 
sheets that describe the ICS and Unified Command 
Structure (UCS). These preprinted sheets delineate the 
responsibilities for the first arriving units and subsequent 
command positions. They can be effective in organizing 
the thoughts of medics overwhelmed by the scene. 
Responding personnel must have immediate access to 
the cards and must be familiar with their use. The cards 
should be printed on weather-resistant materials. 


Mass Casualty Response Unit 


A vehicle stocked with extra supplies, such as bandages, 
splints, and backboards that are designed to respond to the 
treatment area, delivers its load of supplies and returns 
for more. These vehicles are valuable in getting a large 
amount of needed supplies to an operational area. The 
downside of the units is the fact that they require a vehicle 
dedicated for use that can be guaranteed to respond. In 
addition, the vehicles and stocks require maintenance over 
time. Some units use the Mobile Response Unit (MRU) 
as a supply depot rather than maintaining a separate 
supply facility. The units draw supplies from the MRU for 
daily operations and immediately restock through normal 
logistics channels. This technique allows teams to handle 
casualty surges but runs the risk of depletion unless stocks 
are vigorously maintained. 


Triage Material 


First responders should have a single, common technique 
for triaging casualties. Various methods, such as triage 
tags, triage ribbons, and triage tarps and flags are com- 
mon. Triage signs are a more formal way of accomplishing 
the objective of identifying designated areas of triage and 
treatment. Traffic cones and scene tape can be used by one 
or two individuals to define the area of operation quickly 
and to provide some security for the boundaries. 


Operational Equipment 


Units should be able to function independently for 
up to 48 hours. They may need to provide lighting 
(e.g., flashlight, lamps, head lamp, or vehicle lights), 
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communication equipment (radios, cell phones, satellite 
phones, computers, etc.), and mass casualty kits. Mass 
casualty kits are preestablished tubs, boxes, or bags 
designed for use during a disaster response. Most contain 
the tools listed in the preceding text along with basic 
medical supplies. These kits are created for a response 
crew, allowing the team to establish a mobile triage and 
treatment site. Such kits, if they are located on each 
unit, ensure that the unit can operate independently for 
a short time. These are particularly useful in incidents 
where a large geographical area is involved. Protective 
equipment, such as hard hats, gloves, and eye protection 
for EMS crews are needed for operating in a disaster area. 
Increased awareness and risk of nuclear, biological, and 
chemical (NBC) attack make personal protective gear for 
hazardous material (HAZMAT) or NBC events critical. 


CURRENT OPERATIONAL PARADIGMS 


Disaster response does not occur in a vacuum. Although 
disasters are an inherently local issue, successful disas- 
ter planning requires understanding the system within 
which responders must operate. In general, local EMSs, 
fire department, police, and hospitals provide most of the 
immediate response to disasters. As the disaster escalates, 
mutual aid and automatic aid resources in neighboring ju- 
risdictions are mobilized. If these resources are exhausted, 
authorities can activate state and regional medical units, 
such as DMAT and National Guard units (Table 11-1 and 
Fig. 11-1). 

ADMAT is a group of professional and paraprofessional 
medical personnel (supported by a cadre of logistical and 
administrative staff) designed to provide medical care 
during a disaster or any other event. Each team has a 
sponsoring organization, such as a major medical center, 
public health or safety agency, nonprofit, public or private 
organization that signs a memorandum of agreement 
(MOA) with the DHS. The DMAT sponsor organizes 
the team and recruits members, arranges training, and 
coordinates the dispatch of the team. 

The DHS controls all federal government disaster 
response; FEMA is a subordinate department of DHS. 


) TABLE 11-1 Disaster Response Resources 


Local 


Resources EMS 
Fire department 
Local police 
Local hospitals 
Search and Rescue Units 
Private ambulance companies 


Emergency medical service resource flow 


| İ 


Local system 
Prehospital Mutual aid State Federal 
EMS resources resources resources 


Casualty flow 


FIGURE 11-1. Resource flow is an evolving disaster response. 
Abbreviation: EMS, emergency medical service. 


DHS utilizes the NIMS structure to manage disaster 
response efforts at all levels of government. The DHS 
also coordinates with the NDMS that promotes the 
development of DMATs. DHS and the NRP employ the ICS 
structure to coordinate all disaster response (Fig. 11-2). 


CONCEPT OF OPERATIONS: 
EMERGENCY MEDICAL SERVICES 
IN DISASTERS 


Disasters are dynamic and volatile situations that present 
complex management challenges. In addition to factors 
inherent in the event, such as power loss, infrastructure 
collapse, and MCIs, disaster response is often complicated 
by jurisdictional disputes, political agendas, economic 
constraints, lacks responding agency interoperability, and 
is inadequately prepared. Since 2001, local, state, and 
federal agencies have taken dramatic steps to streamline 
disaster mitigation and facilitate emergency response 
efforts. 

The NRP stresses five important factors for EMS 
in developing and executing disaster mitigation plans— 
prevention, planning, preparedness, response, and re- 
covery/analysis. From an operational standpoint, these 
factors fall loosely into the categories of predeployment 


Regional National 
DMAT DHS 
Regional trauma centers FEMA 


Federal Bureau of Investigation 
National guard 

Coast guard 
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Abbreviations: EMS, emergency medical service; DMAT, disaster medical assistance teams; DHS, Department of 


Homeland Security, FEMA, Federal Emergency Management Agency. 
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FIGURE 11-2. The modified Inci- 
dent Command System. 


(prevention, planning and preparedness), deployment (re- 
sponse) and postdeployment (recovery/analysis). However, 
EMS personnel must remain flexible and realize that pre- 
vention and planning are still critical mission components 
during prolonged responses. 


Predeployment: Prevention, Planning 
and Preparedness 


“There are no secrets to success. It takes preparation, 
hard work and learning from failure.” 
—Colin Powell 
“No good decision was ever made in a swivel chair.” 
—General George S. Patton 


Prevention 


Disaster prevention focuses on identifying specific haz- 
ards and taking preemptive measures to minimize the loss 
of life or property. EMS plays a fundamental role in dis- 
aster prevention through their extensive interaction with 
community members, their insight into the health care 
infrastructure and their knowledge of local geography. 
Furthermore, EMS organizations can initiate preemp- 
tive community education programs on topics, such as 
influenza and SARS, improving citizen knowledge and 
potentially limiting future epidemics. 


Planning 


The most effective way to respond successfully to an 
MCI starts with planning and education. Effective dis- 
aster mitigation plans share several key characteristics. 
First, they are flexible paradigms for response and not 
rigid mandates. They incorporate contingency plans and 
encourage creative solutions to challenging problems. Sec- 
ond, they share a common language and acknowledge the 
role of federal and regional agencies; they are based on the 
ICS and incorporate a UCS. Interagency liaisons ensure 


Triage Treatment Logistics Security 


that all responding teams are using the same playbook. Fi- 
nally, they emphasize communication, utilizing informa- 
tion sheets and databases to catalog data, such as hospital 
locations and contact information, important agency lead- 
ers, standard operating procedures, and lessons learned. 

From a practical point of view, EMS organizations 
should routinely evaluate all “hard targets” (e.g., schools, 
hospitals, religious buildings, etc.) for communication 
“dead zones,” defined as areas that lack cell phone or radio 
coverage. Coupled with access to building blue prints and 
structural diagrams, this type of information is critical for 
planning the location of staging areas, casualty collection 
points (CCP) and command posts. All of this information 
should be routinely updated in a secure database. 

The real challenge of handling a disaster is time. 
Experience has shown that patients will arrive at hospitals 
within 2 hours of an incident unless they are trapped or 
geographically isolated (14). Many disasters occur with 
a limited amount of advanced warning. Responders may 
have 15 to 30 minutes before a tornado strikes a city. A 
hurricane may allow several days of advanced planning 
time. Even with advanced warning, one can only plan so 
far. No one can predict the exact location of a hurricane’s 
landfall or the path of a deadly tornado. Accordingly, 
immediate response plans must be simple and efficient. 
Complex, resource dependent plans or plans that are not 
routinely practiced are both ineffective and, perhaps, even 
dangerous as they promote a false sense of security. First 
response agencies should take advantage of every available 
minute of time to prepare in advance. 


Preparedness 


Thorough planning coupled with realistic training is essen- 
tial for preparedness and is one of the strongest factors in 
the successful response to a disaster. EMS personnel and 
disaster responders are masters of improvisation. How- 
ever, without a well-practiced framework within which to 
operate, actions become inefficient and disjointed. 
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In August of 2002, the DHS Office of Domestic Pre- 
paredness (ODP) Emergency Responder Guidelines de- 
fined categories of training as awareness, performance 
and planning/management level training. These categories 
outline required training and create a system of account- 
ability for tracking preparedness. In the case of WMD, 
awareness level training is designed for first responders 
who may discover a WMD incident. The material for 
EMS includes recognizing HAZMAT incidents, knowing 
protocols to detect potential WMD agents, understand- 
ing self-protection, maintaining a crime scene, and being 
familiar with the host agencies’ scene security/control 
procedures. Performance-level training targets personnel 
who will be responding to WMD incidents. This level 
requires completion of all awareness level courses and 
emphasizes practical knowledge of the ICS/UCS, imple- 
mentation of self-protection and rescue/evacuation pro- 
cedures and the performance of specialized tasks at the 
incident scene. The third echelon, planning and manage- 
ment level training, is designed for EMS providers who 
will be part of the leadership and management team 
following a WMD event. The training focuses on the 
same topics but emphasizes the intricacies of manag- 
ing a command post, coordinating responder actions and 
intraoperational planning. EMS organizations should re- 
view the 2002 ODP Emergency Responder Guidelines and 
employ the educational framework when designing their 
training plan. 

A well-designed training plan includes both individual 
and unit level training. Individuals must complete training 
at the appropriate level before large-scale unit level 
operations. Once an agency has developed a plan on 
how to respond to such an incident, frequent quality 
training must take place with all personnel who will 
be asked to respond. This training should involve all 
agencies that may interact on a large incident. The first 
responding agencies need to be familiar not only with 
their own operational areas but also with those of the 
other agencies. They must be comfortable and should be 
on a first-name basis with the personnel who will occupy 
the command positions in the traditional fire, police, 
and EMS systems, as well as with those for the other 
nontraditional responders (e.g., public works, utilities, 
and Red Cross). 

MCIs or disasters are rare events that are stressful and 
they require a high degree of competence to manage 
them successfully. As soon as possible, the planning 
process should incorporate disaster management skills 
and operational procedures into everyday operations 
(daily doctrine). For example, one EMS system organized 
“triage Tuesday,” a day when all EMS units used disaster 
triage tags on routine runs to increase EMS and hospital 
familiarity with their use (see Chapter 2). 

The military learned long ago that effective combat per- 
formance requires a very high level of training to ensure 


that immediate actions (IAs) would become second na- 
ture in times of stress. Ideally, most of these lessons 
are learned before stepping onto the battlefield. Train- 
ing is vital to bridge the time gap and to keep personnel 
sharp. The same concept holds true for disaster manage- 
ment. 

In summary, EMS training plans should build upon 
several basic principles, which are as follows: 


1. If medics are not trained in incident command and 
mass casualty management, they will not think of 
setting up the early structures vital to the successful 
organization of an incident. The ICS is the fundamental 
framework for all disaster response. EMS personnel 
should be thoroughly educated about the employment 
of an ICS in a disaster response. 

2. The ODP Emergency Responder Guidelines define cat- 
egories of training as awareness, performance, and plan- 
ning/management level training. EMS agencies should 
review the ODP guidelines and use them to build train- 
ing paradigms. 

3. When personnel are stressed and overwhelmed, they 
will fall back on prior training and experience. Only 
those equipment and protocols that they are accus- 
tomed to during day-to-day operations will be used. 

4. An influx of outlying transport units and a spontaneous 
civilian medical response will occur. Effective manage- 
ment of these resources is critical ina dynamic response 
situation. 

5. A paper plan that sits on a shelf without being exercised 
is ineffective. Plans must be practiced, reviewed, and 
continuously revised. Table top exercises must be 
augmented by live field training evolutions. 

6. All training should include formal debriefing and the 
formation of a “lessons learned” database. 


Deployment 


The ICS paradigm is critical to effective disaster medi- 
cal response (Fig. 11-2). The ICS divides operations into 
the following functional areas: (a) command, (b) staging, 
(c) transport, (d) triage, (e) treatment, and (f) logis- 
tics (9,18). Each of these functional areas has specific 
responsibilities. Failure to perform well in one area will 
prove a detriment to the others as well. Traditionally, rep- 
resentatives from local fire departments have served as the 
IC. Regardless of who serves as the IC, they must insure 
the operators work within the ICS (3,13). 

EMS provides the Medical Command (MC) and plays 
a critical role within the ICS structure. The MC is 
responsible for identifying casualties and coordinating 
resources so that the injured can be stabilized, treated, 
and transported to a definitive care facility. The success of 
this mission depends on the level of training, equipment, 
and planning by the EMS agencies involved. 
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) TABLE 11-2 Situation Report: Standardized Format for Scene Assessment and Report- 
ing of Critical İnformation. First Responders Should Utilize the Situation 
Report for Rapid Initial Scene Assessment 


Type of disaster, current risk to responders (i.e., WMD, structural collapse, natural disasters) 
General, rapid classification of types of injuries (i.e., explosion, infectious disease, structure 


Brief assessment of medical resources (manpack, ambulance, and personnel), shelter, 


transportation (i.e., buses, cabs, ambulances), local officers, walking wounded, etc. 


Situation/safety 
Injuries 
collapse with crush injuries) 
Triage Rapid determination of “sick” vs. “not sick” 
Resources 
Escalation 


In what phase is the disaster? Requires estimating the type of disaster (i.e., finite vs. ongoing) and 


evolving threats. For example, response to a multicar accident (finite) vs. an ongoing natural 
disaster (e.g., the flooding after Hurricane Katrina) 


Pass on the plan 


On scene, establish role as Incident Commander until relieved by a superior officer. Report the 


SITREP through the appropriate chain of command 


Abbreviation: WMD, weapons of mass destruction; SITREP, situation report. 


Role of the First Responder 


The role of the first responder warrants special mention 
before discussing the ICS structure. Often, EMS personnel 
are the first responders in disasters. Emergency medical 
technicians (EMTs) and paramedics encounter chaos and 
mayhem at the disaster scene. In addition to providing 
immediate lifesaving medical intervention, these first 
responders can shape the nature of the disaster response 
team’s reaction force. On arriving at a disaster scene, 
first responders should conduct a brief assessment using 
the situation report (SITREP) (Table 11-2). The SITREP 
provides a standard format for scene assessment and 
allows the first responder to relay critical information 
to the responding agencies. 


Medical Command 


The MC is the position within the operations section of 
the ICS that is responsible for all aspects of the triage, 
casualty treatment, and transportation of the casualties 
of a disaster. The MC has two critical functions. First, he 
directs the activities of all first responders, paramedics, 
and other health personnel assigned to patient care 
activities. Second, he serves as an advisor to the IC who 
oversees all disaster response operations. 

The MC position is extremely busy and stressful for the 
first several hours of an incident. The IC requires a dedi- 
cated staff to provide administrative and communications 
support. A successful MC delegates responsibilities to spe- 
cific section leaders. The section leaders are responsible 
for conducting all operations, such as staging, triage, and 
treatment, consistent with the MC’s orders and ensuring 
bidirectional flow of information. The MC acts as the gate- 
keeper for this flow of information, filtering critical data 
for the IC. The MC should empower the section leaders to 
make tactical decisions; a responsibility that requires the 
confidence and trust built from effective predeployment 
planning and preparation. 


The MC position is generally filled by a paramedic 
who is the first to arrive at the scene of the advanced life- 
support unit. This person may, in turn, pass the position to 
the field supervisor who is the first to arrive. If numerous 
incident sites are found, each site may have a person 
designated as MC for that location. He or she reports to the 
overall MC. The biggest challenge facing the MC is rapidly 
making the initial decisions that structure the medical 
response and obtaining whatever control is possible of a 
chaotic scene. The traditional method of mass casualty 
management is depicted in Fig. 11-3. 


Staging and Transportation 


The staging officer's (SO’s) responsibilities are identifying a 
safe vehicle staging site and coordinating vehicle arrivals. 
The SO works in concert with the transportation officer 
(TrO) and provides information on vehicle location and 
material flow directly to the MC. Staging areas need to 
be identified early in a disaster. Both local and mutual 
aid resources should be assigned to the designated areas 
and they should report to the SO. Ideal staging sites are 
close to the triage and treatment sites but are not in 
immediate danger zones (e.g., not near collapsed building 
nor down wind from expanding fires, etc.) The SO also 
commands all local and mutual aid resources. Regulating 
flow of incoming resources is critical. Without a clearly 
defined and controlled staging area, mutual aid units may 
respond directly to the scene(s) in which case they may 
not be under the control of the ICS. Medical resources 
from hospitals and other areas can also be sent to the 
staging area to be deployed as needed. 

The TrO is responsible for allocating casualties to 
transport units, tracking patient movements, and notifying 
hospitals of their pending arrival. The TrO works closely 
with the SO to coordinate vehicle egress and operates in 
concert with the communications officer to alert receiving 
hospitals of incoming casualties. 
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FIGURE 11-3. Traditional mass casualty manage- 


Once access and egress to the disaster site are under 
control and effective staging has been established, allocat- 
ing patients to units usually proceeds easily. The primary 
decision is the number and criticality of patients to as- 
sign each vehicle. The TrO must make that decision based 
on the available transport resources and the number of 
casualties. If possible, placing two immediate patients in 
one unit should be avoided. Unfortunately, the number 
of units available and the number of critically injured 
patients may dictate transporting multiple critical patient 
in the same vehicle. The TrO should evaluate alternative 
options, such as buses and vans, to carry the walking 
wounded to a remote hospital. Consideration should be 
given to keeping families and loved ones together. 


Triage 


The triage officers (TO’s) job is to prioritize treatment 
and evacuation of casualties from a disaster site. Barring 
few exceptions, the TOs provide no care to casualties. 
As a result, this critical task is both operationally and 
emotionally taxing. The ideal TO is a well-known, senior 
leader in the EMS with a knowledge of both medicine and 
disaster administration. Physicians often make poor TOs 
as they are tempted to perform interventions rather than 
“simply sort” casualties. The result is inefficient casualty 
care and disruption of casualty flow. Conversely, senior 
paramedics can make good TOs, as they often possess the 
traits mentioned in the preceding text. 


ment scheme. 


Several triage systems exist; under duress, few are 
without limitations. The most commonly employed system 
is the Simple Triage and Rapid Treatment (START) plan. 
The START system relies on heart rate, respiratory rate, 
and mental status to categorize casualties as immediate, 
delayed or expectant (2). Modifications to this system 
are often made to account for walking wounded. The 
introduction of nuclear, biologic, or chemical agents at 
a disaster site create unique challenges in triage (see 
Chapter 2). 


Treatment 


Treatment considerations in disaster response are myriad. 
The MC designates a treatment officer (RxO) to supervise 
the various treatment areas and coordinate the action of all 
subordinate providers (i.e., doctors, nurses, paramedics, 
and volunteers). The RxO works with triage and trans- 
portation to determine which casualties need immediate 
life saving interventions and which should be transported 
en haste to local medical facilities. 

Many EMS systems endorse the prehospital trauma 
life support (PHTLS) notion that critically injured, but 
salvageable patients, should be promptly evacuated and 
transferred to a level 1 trauma center. Israeli experiences 
with terrorist events support the “scoop and run” philos- 
ophy and promote the use of “evacuation hospitals” (6,9). 
However in MCI, the number of injured may exceed avail- 
able transportation options. In these cases, the MC may 
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designate CCPs, treatment areas and, if necessary, field 
hospitals to compensate for casualty influx. 

CCPs are critical tools in triage and treatment during 
mass casualty events. The CCPs should be relatively 
close to the impacted areas and staffed by medical 
personnel. The CCPs must be identified and staffed early 
to be effective. The site should be equipped from a 
predesignated cache of equipment and not rely on possible 
donations from various hospitals. 

The advantages of establishing CCPs include the ability 
to offer immediate care and intervention to victims of 
the disaster, providing a more uniform distribution of 
casualties, and decreasing transport times allowing units 
to return for more patients. 

In addition, the RxO can use CCPs as staging areas to 
coordinate field medical teams. The critical interventions 
performed may allow a safer and longer transport to a 
definitive care facility. Self-referring patients may be sent 
to the CCPs to be treated and released, limiting casualty 


surges to local EDs. During a WMD event or an industrial 
disaster with contaminated patients, the CCPs can act as 
a buffer to prevent contaminated patients from reaching 
the hospitals (19-21). 

CCPs have several limitations. First, the casualties 
must be transported twice before they reach a hospital. 
Accordingly, more transport units may be eventually 
required. Furthermore, transporting equipment and staff 
to the CCP may place an additional strain on the logistics 
sector of the command. Finally, CCPs may be difficult to 
organize, support, and manage if they are not provided 
for early and if they are not practiced as part of the overall 
disaster plan. CCPs organization is depicted in Fig. 11-4. 


Logistics 


Failure to coordinate the distribution of resources, rather 
than a lack of medical supplies, creates many of the logis- 
tical challenges of disaster response (22,23). Accordingly, 
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FIGURE 11-4. Casualty collection 
points. Abbreviation: CCP, casualty 
collection points. 


terrorist event 


In disasters that cover a large area and involve multiple impact sites (i.e. earthquake, tornado, 
hurricane, terrorist attack), it may be advantageous to establish patient treatment/collection areas 
closer to the scenes and, initially, to transport or refer patients there. This organization offers several 
advantages: (1) critical interventions can be done sooner (2) self-responding medical personnel can 
be sent there and relieve scene confusion (3) if needed, scene medical response teams can be 
formulated, controlled and dispatched (4) patient disposition to definitive care can be efficiently 
coordinated (5) patients needing decontamination can be controlled and decontaminated before 
arriving at a hospital (6) the CCP will be far less susceptible to a secondary device attack in a 
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efficient management of supplies is critical during a dis- 
aster response. The logistics officer (LO) provides an im- 
portant support function for the MC by ensuring that the 
equipment and materials needed by triage, treatment, and 
transport are available. Strong organizational, finance, 
and management skills are critical. 

In general, the LO is concerned with supply and 
resupply. The primary supply issue is identifying and 
maintaining disaster response equipment and materials 
in an economically sound manner. EMS logistics officers 
should develop a push-pull concept for resupply during a 
disaster response. The pull concept requires field units to 
order supplies as needed during a disaster response. This 
system is slow and requires intact communications for 
requesting supplies. The push concept has the advantage 
of making available preplanned supply caches. The push 
concept places designated supplies at specific locations 
within the disaster scene. These supply caches may be 
brought forward to the triage or CCPs or distributed at 
predetermined locations throughout the city. 


MEDICAL EMERGENCY RESPONSE 
CENTER 


The separation of response elements from receiving hos- 
pitals challenges the medical community during disasters. 
EMS serves as the bridge between these two entities. EMS 
task force leaders should collect information on the num- 
ber and severity of casualties, ambulance flow, expected 
patient surges, and protected times until transport arrival. 
Task force leaders provide SITREPs to the MC who, in 
turn, orders the dissemination of relevant information to 
the IC and to receiving facilities. This task is daunting in 
a large urban environment with multiple medical centers. 

During disasters, most hospitals do not traditionally 
communicate among themselves. Hospitals have grown 
more competitive in recent years. They are often reluc- 
tant to share bed counts, resources, and staff availability. 
When a disaster occurs, the hospitals have a great need 
to communicate among themselves. Yet, frequently, no 
mechanism exists for accomplishing that. During trop- 
ical storm Allison in Houston, hospitals communicated 
with other hospitals within their own system, but they 
did not initially coordinate with neighboring hospitals. 
New York’s hospital communications collapsed with the 
destruction of Emergency Operations Center (EOC) in the 
WTC bombing. 

The Medical Emergency Response Center (MERC) con- 
cept provides a clearinghouse for information to the 
medical community through which information from the 
scene may be distributed to all the hospitals. The MC can 
update the IC from the MERC, who in turn will coordi- 
nate. Hospitals may keep a running update on the amount 
of beds and resources available. Staff from unaffected 


hospitals may be precredentialed and sent to assist an 
overtaxed facility. Other allied facilities can be incorpo- 
rated into the patient disposition flow. The MERC may 
accommodate a two-way flow of information between the 
field and the health care community. This is crucial in 
the event of a biological attack or a naturally occurring 
pandemic. Each community can decide exactly how to 
establish its own resource center. The important issue is 
to have one established before a disaster occurs. 

The MERC can be located in either the city’s EOC, or it 
can be situated within a particular hospital. The hospital 
community needs to exercise the MERC on a frequent 
basis until clear operation roles and responsibilities can 
be established. Having this communication and decision- 
making network in place and functioning will allow 
hospitals to mitigate the medical consequences of a 
disaster better. The functional diagram of a MERC is 
depicted in Fig. 11-5. 


Postdeployment: Transition, Recovery 
and Analysis 


The postdeployment phase of disaster response begins 
before completion of operations. The postdeployment 
period can be divided into the transition, recovery, and 
analysis phases. As the operation tempo wanes, the 
MC shifts the unit’s focus from primary response to 
casualty transportation. This transition allows the TrO 
to begin placing ambulances in stand-by mode and 
releasing mutual aid resources. The MC should arrange 
for debriefings and critical incident stress management 
(CISM) counseling before the departure of all responders. 
During the recovery phase, the section leaders must 
work in concert to retrieve equipment, complete patient 
documentation, and coordinate the final stages of the 
transition back to “routine” operations. The analysis 
phase begins with a scheduled formal debriefing of all 
personnel and agencies involved. The MC should actively 
encourage his section leaders to submit “lessons learned” 
to a centralized repository (i.e., the administrative staff). 


SPECIAL CHALLENGES 


The EMS systems must be flexible in disaster response. 
No textbook or standard operating procedure can account 
for all variables. There are three unique challenges that 
warrant brief discussion. 


Special Needs Population 


The EMS system must be aware of the needs of the 
population base younger than 5 years and older than 
55 years of age. These two age-groups have special 
needs when faced with a disaster (24,25). Numerous 
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elderly patients lead a tenuous existence at home that 
is dependent on electricity, oxygen and home health, 
and meal visits. If the area is disrupted by a hurricane, 
earthquake, or ice storm, these resources may not be 
available to the house. In the aftermath of Hurricane 
Katrina, scores of elderly were found trapped in nursing 
homes; many had perished from the secondary effects of 
the flooding. Even if these casualties are rescued, many 
may have to be evacuated to a shelter where care is 
provided. Most shelters do not plan to provide medical 
care. During the 2003 San Diego wild fire disaster, several 
long-term care facilities evacuated their residents to the 
local ARC shelter; a gymnasium that provided cots and 
some food, but no formal medical care. The EMS system 
should identify these high-risk individuals within the 
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The Medical Emergency Response Center 


Can be located either in a hospital or the local EOC 
Staffed by hospital personnel and responsible for: 
1. Coordination of medical resources/staffing needs 
2. Patient numbers and tracking 
3. Scene response of medical personnel 
4. Inter-hospital transfers of patients 
5. Patient information for media release 


community whenever possible, and it should make sure 
their medical and personal care needs are being met before 
disaster strikes. 


Patient Self-Referral 


Disaster response after action reports indicate that up to 
80% of casualties involved in an incident will seek medical 
help on their own. These casualties do not interact with 
either the EMS system or the ICS (5,10). After action 
reports from the 2001 WTC bombing, the Madrid train 
bombing and the Israeli MCI efforts suggest that “walking 
wounded” present first to the most proximal hospital, 
often overwhelming the facility and prompting emergency 
call-ins or patient transfers (13). 
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Spontaneous Response of Personnel 


Disasters bring out the best and the worst in people. Often 
people are struck by a need to do something, anything, 
to help. Unfortunately, “spontaneous response” often cre- 
ates further logistical, security, and command problems. 
An effective EMS system will anticipate this well-meaning 
response and develop an appropriate management plan. 
Successful systems generally take one of two approaches; 
no tolerance or incorporation. The “no tolerance” ap- 
proach employs police and barriers to cordon off the 
disaster site. Identification cards or badges are required 
to enter the disaster zone. The “incorporation” strategy is 
more flexible. This technique acknowledges the likely in- 
flux of volunteers and employs these people appropriately. 
These volunteers can provide valuable administrative or 
infrastructure support. For example, the logistics chief can 
use volunteers to help organize or distribute supplies. Or, 
the medical director can employ volunteers as stretcher 
bearers. Strict records must be maintained and volunteers 
should be clearly identified with badges or ID cards. Ob- 
vious challenges, such as security and responder safety 
must be addressed. 


SUMMARY 


The world is becoming a more dangerous place. EMS plays 
a critical role in the management of nearly all disasters. 
The ICS structure forms the standard framework for all 
disaster response efforts. Accordingly, EMS responders 
must be intimately familiar with all aspects of the ICS. 
Leaders should emphasize the principles of prevention, 
planning, preparedness, and response as they develop their 
response plans. Familiarization with the ICS, realistic 
training, and critical mission evaluations are essential to 
a successful EMS disaster response mission. 

Special thanks to Michael F. Murphy, author of the 
previous edition and to Neil Blackington for his review of 
the text. 


RESOURCES 


www .facs.org/civiliandisasters/trauma.html 

www.library.ca.gov 

www.dhs.gov 

http://www.emsa.cahwnet.gov/dms2/dms2.asp 

http://www.naemsp.org/links.asp 

http://www.whitehouse.gov/reports/katrina-lessons- 
learned/ 
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“All disasters are local.” 
Scott Lillibridge, MD 


Most municipal disaster planning agencies are familiar 
with emergency medical service (EMS) and its function 
vvithin the local disaster response plan. These planners 
may not, however, be aware that the medical response to a 
disaster spans a vvide array of other emergency health care 
(EHC) providers who should be represented in the disaster 
response planning process. EHC providers incorporate 
a spectrum of EMS, emergency medicine, trauma, and 
public health responders providing immediate assessment 
and care to victims of a disaster. For the EHC community 
to be successful in a disaster response, they must be 
able to interface effectively with the local governmental 
jurisdiction and its emergency operations plan (EOP). 
Key to this interface is an understanding of how the 
local government operates both during an emergency 
and in their day-to-day activities. This understanding can 
greatly improve the speed and quality of the EHC disaster 
response. Having medical input at the local level is also 
important in the initial disaster planning, as it leads to a 
better integration of EMS and other EHC elements into 
the community”s emergency response to disasters (1). 

Involvement in planning may seem difficult at first be- 
cause local governments often appear too bureaucratic to 
EHC providers. However, both the local government and 
the EHC community exist to preserve the health, safety, 
and welfare of the citizens. Therefore, close coordination 
and cooperation between the local government and the 
EHC community is not just a convenience, if is a necessity. 
At stake are the lives of the people in the community who 
will be affected by the disaster. 

This chapter is intended to provide the EHC profes- 
sional with a basic understanding of how local government 
is structured and how it operates. The intent is to prepare 
EHC personnel for working with these municipal agencies 
to enhance their emergency response. 
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STRUCTURE, ORGANIZATION, AND 
OPERATIONS OF LOCAL GOVERNMENT 


Several types of governmental structures exist in the 
United States today, fulfilling a variety of community gov- 
ernmental functions. Obviously, the federal government 
and the 50 state governments have the largest geographical 
scope and range of services. However, local governments, 
such as cities, towns, villages, boroughs, counties, and 
townships, are closest physically to the citizens. There- 
fore, as might be expected, these units of government 
provide most of the basic services people expect to use on 
a daily basis. Some of the more common services might in- 
clude trash collection services, police and fire protection, 
street maintenance, parks, recreation, or water treatment. 
Complicating a clear-cut definition of local government 
for EHC is the proliferation of special districts throughout 
the United States. These districts provide a myriad of ser- 
vices, including schools, infrastructure, water, sanitation, 
parks, recreation, and irrigation. 

Special districts have their own governing board, 
which is made up of people elected from the district’s 
service area. These boards are quite often separate and 
autonomous from the city and county within which 
their district lies. Some areas in the United States may 
have more than 90 separate taxing entities overlying a 
single location. Meaningful, effective EHC coordination 
for a disaster response with these many agencies and 
their various officials is nearly impossible. Fortunately, 
however, the county and municipal (city) levels are those 
with which EHC providers will most likely need to 
interface for disaster planning and response. 

Unlike the federal and state governments, which are 
governed by executive, legislative, and judicial branches, 
most cities and counties simply have elected officials 
and appointed officials. Elected officials, such as city 
council members, county commissioners, sheriffs, and 
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others serve at the pleasure of the voters of each 
jurisdiction. Appointed officials, such as city managers, 
county administrators, and executive directors of special 
districts, serve at the discretion of the entity's elected 
officials. The next level of key officials will generally be 
operational department directors, such as the police chief, 
fire chief, finance director, and emergency manager. Local 
government agencies are often much less bureaucratic 
than the state or federal agencies; one is more likely to 
work directly with the senior officials at the municipal or 
county level than at the state or federal level. 

In local government, elected officials are responsible 
for setting the organization’s policies and mission. They 
normally do not play a major operational role in disaster 
response. The responsibility of city and county managers, 
police chiefs, fire chiefs, public works directors, and other 
operational managers is to carry out the elected officials’ 
policy directives in the form of operations and programs. 
The degree of participation by elected officials in an 
emergency response will vary depending on the structural 
form used by that entity. 


City Governmental Structures 


The most common form of local government used in cities 
is the council-manager form, which is shown in Fig. 12-1. 
In this form, a city manager or administrator is hired 
to serve as the entity’s chief administrative officer, and 
this official is responsible for the day-to-day operation of 
organization. The manager conducts operations through 
department heads, such as the police chief, public works 
director, fire chief, and others. The manager also works 
with the elected officials on policy analysis, research, and 
setting goals and objectives. In the council-manager form, 
EMS and other EHC providers will likely deal with the 
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FIGURE 12-2. The strong mayor municipal government format. 


manager or one of their department directors during 
disaster planning and emergency response. 

Other common forms of municipal government are the 
strong mayor form (Fig. 12-2), in which the elected mayor 
is both the chief executive officer and the chief adminis- 
trative officer, and the commissioner form (Fig. 12-3), in 
which individual elected officials assume administrative 
authority over specific areas, such as public safety, utili- 
ties, and streets. In these two forms of local government, 
direct involvement by the mayor or other elected officials 
in the disaster response is much more likely. 

The form of local government is determined by 
either the state statutes or the incorporation charter of 
the municipality. Size has no bearing on the form of 
government used. Cities such as Chicago, New York City, 
Cincinnati, and Denver use the strong mayor form, while 
other large communities such as San Diego, Oakland, 
Dallas, and Oklahoma City use the council-manager form. 


Citizens 


Commissioner Commissioner Commissioner 


Manager Administrator Attorney 
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FIGURE 12-1. The council-manager municipal government 
format. 


FIGURE 12-3. The commissioner format of municipal govern- 
ment. 
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Although the council-manager is the prevalent form, 
a mix of methods is found in both large and small 
communities. Understanding the form of government 
in use is the first step in understanding how best to 
interface EHC into the community”s emergency operations 
planning. 


County Government 


County government is somewhat different from municipal 
government in that its elected officials have more day-to- 
day involvement in operations. Normally, three to five 
elected commissioners serve as the county governments 
main policymakers. In this structure, the board of county 
commissioners has both significant policy-making and 
administrative powers. In the last 15 to 20 years, some 
counties have also hired professional managers. These 
managers often have less direct power over operations 
than their counterparts in municipal government due to 
the high level of involvement of elected county officials. 
County governments further differ from the vast majority 
of cities in that some department heads such as the 
county clerk, sheriff, and coroner may also be elected 
officials. The county sheriff will most likely be the 
incident commander for any county disaster and should 
be one of the primary contacts. One must keep in mind 
the fact that the sheriff is an elected, not appointed, 
official. Understanding the true power structure in county 
government may be challenging, and it can be difficult to 
accomplish. 


EMERGENCY HEALTH CARE 
INTERACTION IN GOVERNMENT 


Regardless of the local government’s structure, EHC 
providers will have to work cooperatively through the 
entity’s lead operational managers to plan and coordinate 
activities both before and during a disaster response. In 
emergency situations, the local jurisdiction’s fire chief, 
police chief, or sheriff most commonly will assume the 
lead role as incident commander. This person will be 
responsible for coordinating activities for emergency re- 
sponse, rescue, and recovery. Many smaller communities 
do not have a high level of expertise in the EMS or other 
EHC functions. The ultimate success of any disaster med- 
ical response will largely be determined by how involved 
EHC providers have been in the local community’s emer- 
gency planning process. The earlier the EMS and other 
EHC providers become key players in local emergency 
planning, the greater the likelihood that the medical re- 
sponse will be timely, coordinated, and well managed. If 
ten rules for success in disaster management were given, 
the first eight would relate to planning. This is, quite 


simply, the foundation of a quality emergency response. 
Contrary to the old saying, “Nothing happens without 
a plan,” something does happen without a plan, and it 
will likely be what one does not want to occur. Early in- 
volvement in the local emergency planning process and 
frequent testing of the plan through exercises, drills, and 
tabletop evaluations are critical components for success- 
ful performance during the actual disaster response (see 
Chapter 37) (2). 


EMERGENCY HEALTH CARE 
AND LOCAL EMERGENCY RESPONSE 


In the past, local governments have had almost as many 
methods of managing an emergency response as they have 
structural forms of government. Cities with strong mayor 
forms have responded somewhat differently than those 
with council manager forms. County governments may 
also react slightly differently than municipal governments 
in the way they choose to manage an emergency situation. 
Most local governments do not have the resources to 
respond to a large-scale emergency or a mass-casualty 
disaster on their own, and they will require assistance 
from other agencies. The size of the entity and a lack 
of funds for maintaining people and equipment that will 
only be used in a large-scale event contribute to this 
problem. Most local governments use Intergovernmental 
Agreements (IGAs) with neighboring entities to help insure 
that adequate people and equipment are available in 
emergency situations (1). The IGA documents things such 
as liability, reporting protocols, risk assumption, and other 
sorts of operational and financial details necessary to 
facilitate resource sharing. 

In recent years, the nation has seen the myriad of disas- 
ters that can befall a community. The terrorist bombings 
of the World Trade Center in New York City and the A. P. 
Murrah Federal Building in Oklahoma City; the shootings 
at Columbine High School in Jefferson County, Colorado; 
the floods in North and South Dakota; the hurricanes 
in Florida; the earthquakes and fires in California; and 
many other civil, natural, and technological disasters are 
comprised in this litany. All these events, as well as the ter- 
rorist attack on September 11, 2001, have demonstrated 
the need for close intergovernmental and interagency co- 
operation in mounting an effective emergency response at 
the local level. IGAs are good tools for the local jurisdic- 
tion and EMS because they help assure that needed assets 
that could never be maintained by the entity on its own 
are available during an emergency response. Depending 
on local situations, EMS and other EHC elements may 
want to be tied to a local community through an IGA or 
similar agreement. These agreements can be very simple 
and straightforward. The key to a good IGA is having it in 
place before it is needed. 
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INCIDENT COMMAND SYSTEM FROM 
A MUNICIPAL PLANNING VIEWPOINT 


As has been noted, each community may use a slightly 
different approach to emergency planning and response. 
EHC coordination can sometimes be complicated by these 
differences. Recently, however, more and more local gov- 
ernments are using the Incident Command System (ICS) 
to organize and manage their emergency response. ICS 
is designed to help to organize and allocate people, to 
activate services, and to provide resources during an emer- 
gency response. ICS provides an organizational structure 
that can be used in virtually any emergency response. It 
provides the framework for quickly responding to the dy- 
namics of an emergency or major disaster, and it allows the 
emergency response to be managed effectively. ICS was 
once largely limited to use by the fire service and the mili- 
tary. Only in the last 15 years or so have law enforcement 
and emergency management agencies started using ICS. 

ICS was founded in the field at the scene of the 
emergency. Its use has evolved slowly over the last 3 
decades due, in part, to the system’s complex nature. The 
difficulty was creating a mirror image of the field ICS in the 
municipal Emergency Operations Center (EOC). Recently, 
new emergency management concepts have brought ICS 
into the EOC to better coordinate the emergency response. 
One must still remember that ICS is not a simple system. It 
is designed to manage chaos, and, as such, it is a difficult 
technique to master. This simply means that a greater 
emphasis needs to be placed on education and training 
for using the ICS. Currently, more and more police, fire, 
and public works departments; emergency managers; and 
other key emergency planners and responders are working 
together to incorporate ICS as their management tool of 
choice. 

ICS is promoted by national organizations, such as the 
Federal Emergency Management Agency (FEMA), the Na- 
tional Fire Academy, and National Wildfire Coordinating 
Group, as a compatible system for emergency incident 
management. ICS training is available through a variety 
of agencies. Resources for such training can be checked 
with the local county emergency manager or fire chief. 


Using the Incident Command System 


The key to ICS as an effective emergency management tool 
is its flexibility. It can be modified to fit each jurisdiction’s 
specific needs without losing its compatibility with other 
entities that may be involved in emergency response. It 
is also effective regardless of the size of the incident. The 
Oklahoma City Fire Department, for example, routinely 
uses ICS in nearly every response. In most cases, the event 
is very small, and the system is never expanded beyond the 
initial responding fire unit. However, ICS easily expands 
to match the ever-changing scope of an emergency. It is 


also just as easily collapsed as the incident winds down. By 
using ICS on a daily basis, emergency response agencies 
become familiar with its application. Once everyone is 
comfortable with using ICS, applying it in its larger scope 
to deal with a major emergency becomes simple. 

No disaster or emergency is ever the same. Therefore, 
logically, no one management approach can adequately 
deal with every situation. The real functionality of ICS 
comes from its flexible nature. The ICS structure can be 
scaled up or down to match the nature of the emergency. 
Tasks and responsibilities can be added or created to deal 
with problems arising out of the disaster. This ability to 
grow the necessary command, control, operational, and 
support functions as needed is the true strength of ICS. 

ICS can significantly enhance the timeliness and quality 
of an emergency response. Therefore, an understanding 
of its theory and application and, most importantly, how 
the EHC function fits into the ICS process is critical for 
the EMS community. 

A typical ICS structure might look something like the 
one shown in Fig. 12-4. As this illustrates, adding or 
activating the various ICS components as necessary is 
easy for coping with the unique problems associated with 
each disaster or emergency. 


Incident Command System Structure 


ICS has five major management activities—command, op- 
erations, planning, logistics, and finance. These functions, 
at some level, are present at every incident. Any event, 
regardless of size, can use ICS to manage the situation 
better. The first step is establishing an incident comman- 
der at the scene. The incident commander has the ultimate 
responsibility for the execution of each of the five activ- 
ities. During a small incident, the incident commander 
may perform all of these functions. Key in this arrange- 
ment is the ability of the incident commander to make 
assignments or decisions before they are needed. The in- 
cident commander has the overall responsibility for the 
management of incident activity. Even if the other func- 
tions are not filled, an incident commander will always be 
designated. 


Command 


The command staff works for the incident commander. 
Routinely, the command staff will consist of a public 
information officer, a safety manager, an emergency 
management coordinator, and a liaison officer. Each of 
these people may have a number of subordinates within 
the ICS structure depending on the size of the event. Each 
of these command staff leaders are charged with handling 
problems and decisions within their area of responsibility, 
thereby relieving the incident commander from the need 
to deal with these matters. 
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Operations 


The operations section is responsible for activities in the 
field at the scene of the disaster. These activities usually 
include emergency first aid, triage, rescue, EMSs, fire 
fighting, debris removal, and shelter for the victims. These 
functions, or branches as they are called in ICS, are placed 
under the direction of the operations section chief, and 
they may be broken down further into divisions or groups 
depending on the situation and response needs. Only the 
operations section has direct contact with the general 
public in a response mode. All the other functions of ICS 
are in support of the operations section. 


Planning 


The planning section is responsible for the continued 
evaluation of the incident situation. They will collect 
information, prepare situation reports for the incident 
commander, display situational information, maintain re- 
source status reports, develop an incident action plan, 
and prepare documentation of the incident. The planning 
section normally includes functions such as a situation 
unit (to collect and process information on the current 
incident situation and develop reports and summaries), 
a resources unit (to handle all check-in activity and to 
account for personnel and equipment resources), a doc- 
umentation unit (to maintain all incident-related records 
and documentation), a damage assessment unit (to collect 
information regarding the extent and value of damages 
suffered to structures), a special needs population unit (to 
prepare plans to protect people with special needs), a tech- 
nical specialists and/or volunteers unit (to access people 
with knowledge specific to the incident in support of the 


emergency workers), and a demobilization unit (to plan 
for a safe, orderly, and cost-effective de-escalation of per- 
sonnel and resources). The damage assessment unit and 
the special needs population unit are usually only used in 
the EOC. The planning section has the responsibility to get 
ahead of the incident by anticipating the problems, issues, 
and needs of the other ICS sections. It also plays a critical 
role in keeping the incident commander apprised of the 
incident’s current status. 


Logistics 


The logistics section provides services and support for 
all the needs of the event. Logistics has the following 
seven main activities: a communications unit (to develop 
the communications plan and to maintain the incident 
communication system), an information systems unit 
(to establish and to preserve telephone, computer, and 
network access for emergency workers), a medical unit (to 
develop a medical plan and to provide first aid for incident 
personnel), a food unit (to supply the emergency workers 
with food and drinking water), a supply unit (to order 
personnel, equipment, and supplies for the emergency 
workers), a donated goods unit (to manage inventory and 
to distribute clothing and other donated goods), and a 
facilities unit (to set up and maintain whatever facilities 
may be required for the emergency workers and to provide 
for facility security). The donated goods unit and medical 
unit are usually used only in the EOC. 


Finance 


The finance section is responsible for tracking incident- 
related costs and administering the procurement of any 
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necessary resources to be used in response to the incident. 
This section has four key functions: a time unit (to record 
all personnel time used on the incident), a procurement 
unit (to administer the contract and rental paper vvork 
associated vvith the equipment and supplies), a compen- 
sation or claims unit (to document and investigate injury 
and damage claims), and a cost unit (to collect cost infor- 
mation and to recommend any cost-saving techniques). 
All of these functions are usually used only in the EOC. 
The incident commander has the responsibility to develop 
and assign the positions and units within this section to 
manage the incident properly. 


THE NATIONAL RESPONSE PLAN 


The face of emergency planning has changed in the United 
States. This is not only partly due to the terrorist events 
over the last several years, but it is also attributable to 
the difficulties in planning responses for a wide variety 
of possible extraordinary events. At present we find 
many new risks and threats, new sources of exposure, 
and new paradigms in planning and preparation that 
simply were not available a couple of decades ago. We 
must also remember that the old risks did not go away. 
Moving toward an “all-hazards” approach makes sense 
from both an efficiency and effectiveness perspective (3). 
The county’s newest approach is set forth in the recently 
adopted National Response Plan (NRP). 

The NRP establishes a comprehensive all-hazards 
approach to enhance the ability of the United States 
to manage domestic incidents. The plan incorporates 
best practices and procedures from incident management 
disciplines—homeland security, emergency management, 
law enforcement, fire fighting, public works, public health, 
responder and recovery worker health and safety, EMSs, 
and the private sector—and integrates them into a unified 
structure. It forms the basis of how the federal government 
coordinates with state, local, and tribal governments and 
the private sector during incidents. It establishes protocols 
to help, as follows: 


m Save lives and protect the health and safety of the public, 
responders, and recovery workers 

m Ensure security of the homeland 

m Prevent an imminent incident, including acts of terror- 
ism, from occurring 

m Protect and restore critical infrastructure and key 
resources 

m Conduct law enforcement investigations to resolve 
the incident, apprehend the perpetrators, and collect 
and preserve evidence for prosecution and/or attribu- 
tion 

m Protect property and mitigate damages and impacts to 
individuals, communities, and the environment 


m Facilitate recovery of individuals, families, businesses, 
governments, and the environment 


The National Response Plan Emphasis 
on Local Response 


All incidents are handled at the lowest possible organiza- 
tional and jurisdictional level. Police, fire, public health 
and medical, emergency management, and other person- 
nel are responsible for incident management at the local 
level. For those events that rise to the level of an incident 
of national significance, the Department of Homeland Se- 
curity (DHS) provides operational and/or resource coordi- 
nation for federal support to on-scene incident command 
structures (4). 


Proactive Federal Response 
to Catastrophic Events 


The NRP provides mechanisms for expedited and proac- 
tive federal support to ensure that critical life-saving 
assistance and incident containment capabilities are in 
place to respond quickly and efficiently to catastrophic in- 
cidents and extraordinary events. These are high-impact, 
low-probability incidents, including natural disasters and 
terrorist attacks that result in extraordinary levels of mass 
casualties, damage, or disruption severely affecting the 
population, infrastructure, environment, economy, na- 
tional morale, and/or government functions. 


Multiagency Coordination Structures 


The NRP establishes multiagency coordinating structures 
at the field, regional, and headquarters levels. These 
structures function, as follows: 


m Enable the execution of the responsibilities of the 
president through the appropriate federal department 
and agencies 

m Integrate federal, state, local, tribal, nongovernmental 
organization, and private-sector efforts 

m Provide a national capability that addresses both site- 
specific incident management activities and broader 
regional or national issues, such as impacts to the rest 
of the country, immediate regional or national actions 
required to avert or prepare for potential subsequent 
events, and the management of multiple incidents 


New Coordinating Mechanisms 
Homeland Security Operations Center 


The Homeland Security Operations Center (HSOC) serves 
as the primary national-level multiagency situation aware- 
ness and operation coordination center. The HSOC in- 
cludes elements of the DHS and other federal departments 
and agencies. 
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National Response Coordination Center 


The National Response Coordination Center (NRCC), a 
functional component of the HSOC, is a multiagency 
center that provides overall federal response coordination. 


Regional Response Coordination Center 


At the regional level, the Regional Response Coordination 
Center (RRCC) coordinates regional response efforts and 
implements local federal program support until a Joint 
Field Office (JFO) is established. 


Interagency Incident Management Group 


The Interagency Incident Management Group (IIMC) is 
a tailored group of senior level federal interagency repre- 
sentatives who provide strategic advice to the secretary of 
Homeland Security during an actual or potential incident 
of national significance. 


Joint Field Office 


The JFO is a temporary federal facility established locally 
to provide a central point for federal, state, local, and tribal 
representatives with responsibility for incident support 
and coordination. 


Principal Federal Official 


A Principal Federal Official (PFO) may be designated by 
the secretary of Homeland Security during a potential or 
actual incident of national significance. Although individ- 
ual federal officials retain their authorities pertaining to 
specific aspects of incident management, the PFO works 
in conjunction with these officials to coordinate overall 
federal incident management efforts. 

Although a new approach with some new techniques, 
such as all-hazards planning, the NRP retains some of the 
proven core components that make a management system 
effective. The primary management system of the NRP is 
the new National Incident Management System or (NIMS). 
The good news is that the Incident Management System is 
at the heart of NIMS. Many agencies are already familiar 
with ICS and use it on a regular basis in their emergency 
responses. It is important to note, however, that this new 
management plan, NIMS, will be the foundation of all 
future emergency preparedness and response planning. 


THE NATIONAL INCIDENT 
MANAGEMENT SYSTEM 


Recent adoption of the NIMS ushers in the newest chapter 
for emergency response planning in the United States 
and offers a more comprehensive management tool for 
extraordinary events. As part of the broader NRP developed 


by the new DHS, NIMS is intended to integrate effective 
practices in emergency preparedness and response into a 
comprehensive national framework for incident manage- 
ment. NIMS will enable responders at all levels to work 
together more effectively to manage domestic incidents 
no matter what the cause, size or complexity. 

The benefits of the NIMS system will be significant in 
the following: 


m Standardized organizational structures, processes and 
procedures 

m Standards for planning, training and exercising, and 
personnel qualification standards 

m Equipment acquisition and certification standards 

m Interoperable communications processes, procedures 
and systems 

m Information management systems 

m Supporting technologies—voice and data communica- 
tions systems, information systems, data display sys- 
tems and specialized technologies (4) 


All units of local government will be required to adopt 
the NIMS to qualify for FEMA grants and reimbursements 
and Homeland Security grants. EMSs will need to 
incorporate NIMS into their protocols and have an 
excellent working knowledge of its components. 


THE NATIONAL INCIDENT 
MANAGEMENT SYSTEM 

AND THE HOSPITAL EMERGENCY 
INCIDENT COMMAND SYSTEM 


Although hospitals are not currently required to adopt the 
NIMS, this will become a mandate in the near future. 
Preparations should be made now to incorporate NIMS 
into current hospital disaster planning. Often at question is 
the relationship between the Hospital Emergency Incident 
Command System (HEICS) and the NIMS. The HEICS 
is an ICS-based crisis management plan for hospitals to 
coordinate their own response to emergencies or disasters. 
The NIMS establishes standard protocols and procedures 
for incident managers and responders to work together to 
prepare for and respond to incidents of all kinds, including 
natural disasters and acts of terrorism. 

Hospitals do not have to replace HEICS with NIMS. 
The new HEICS needs to be NIMS compliant, not replaced 
by it. HEICS IV is the next version for hospitals and FEMA 
will test it to make it fully compatible with NIMS. This 
version of HEICS was issued before NIMS was released; 
however, there is no reason to stop using it now. One 
critical element required for NIMS compliance is the 
ICS component. That component is present in the newly 
revised HEICS version. The deadline for full compliance 
with NIMS is by the end of FY 2006. That means 
jurisdictions and emergency services organizations that 
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receive federal preparedness funding have until September 
30, 2006, to achieve full compliance. 

Everyone vvorking in a hospital does not have to 
be NIMS trained. İt is recommended that only those 
directly involved in emergency response activities take the 
NIMS introductory course offered by FEMA’s Emergency 
Management Institute (IS-700 NIMS, An Introduction). 
This course is a 3-hour introductory course intended to 
familiarize persons in the emergency preparedness and 
response community with NIMS, and can be taken online. 
Much of the course focuses on the ICS component of 
the NIMS. It is up to the state or county to decide who 
must take it in order for the jurisdiction to be compliant 
with NIMS. 

Hospitals are an important component of the emer- 
gency response/services community. They do not operate 
in isolation from other responders involved in a major 
event. FEMA and DHS recognize that HEICS is part of 
a larger emergency management program and supports 
current efforts to make it NIMS compliant. There are 
other hospital emergency management programs and it is 
expected that FEMA and DHS will work with them also. 
Questions and information requests can be submitted by 
sending an e-mail to: NIMS-Integration-Center@dhs.gov 
or by calling at 202-646-3850. Additional information re- 
sources on NIMS are available at FEMA’s web site at: 
www.fema.gov/nims (4). 


THE EMERGENCY OPERATIONS 
CENTER 


ICS is amanagement activity, and it should not be confused 
with the EOC. The EOC is the location from which the key 
members of the ICS structure manage overall operations. 
During a large-scale disaster, the responding entity may 
also have a forward command center near the disaster 
area, as well as a logistics center, an EMS or triage area, 
and other such key support functions. The EOC may have 
additional functions, assignments, and so on, but it exists 
to support ICS and the emergency workers. The EOC is 
the place from which the disaster response is coordinated. 

As with disaster management structures, a variety of 
forms can be used for EOCs. They are sometimes located 
near the law enforcement dispatch center or a major public 
facility. However, with the use of computers, cellular 
telephones, video conferencing, and other technology, the 
EOC can be located nearly anywhere. During the response 
to the Oklahoma City bombing, for example, the city’s 
Myriad Convention Center served as the EOC, leaving 
the city’s main dispatch center available for routine, 
day-to-day operations. A critical component to the EHC 
response is to have a representative capable of making 
operational decisions and of allocating resources as a 
member of the EOC. 


THE LOCAL EMERGENCY 
OPERATIONS PLAN 


The overall success of a local government’s response to 
an emergency will be largely dependent on the quality of 
the people who will carry it out. Most cities and counties 
have an EOP. Unfortunately, many of them are long out 
of date, and therefore they will be of little use during the 
disaster response. Many local jurisdictions also probably 
have not practiced their EOP or drilled with the outside 
agencies with which they will have to interact during an 
actual emergency response. 

Most EOPs that have not been revised in 5 or 6 years 
contain significant amounts of boilerplate information 
that was required by FEMA to receive federal emergency 
management funds. Although this information may be 
good as training material, much of it proves to be of 
little use during an actual disaster response. All local 
governments will need to review their EOPs to incorporate 
the new NIMS to be eligible for disaster reimbursements 
and future emergency planning and homeland security 
grants. Even those communities who have tried to keep 
their EOP updated will find that the contact and resource 
lists are inaccurate, that equipment that has not been 
frequently tested will fail, and that communications will 
be a problem in the actual disaster response. 

In the past few years, the philosophy about what should 
be contained in an EOP has started to change. Today, the 
idea of smaller is better is beginning to take hold as 
the preferred approach to developing a workable EOP. 
Beginning with the lessons learned in the Oklahoma City 
bombing response and continuing through the Columbine 
High School event, emergency responders are finding 
that simple action plans are preferable to the big book 
approach common to most EOPs in the past. Another 
new technique is the inclusion of action checklists in the 
EOP rather than the pages of verbiage seen in the past. 
This approach allows people to be quickly tasked, and 
it provides a much clearer and more concise description 
of their duties and responsibilities. The entire emergency 
response gears up more quickly when the participants 
have less to read; therefore, they can focus on actions. 

The simpler and more concise the EOP is, the more 
useful a tool it becomes during the event response. EMSs 
should obtain a copy of the EOP for the community they 
serve to determine how their role has been defined by local 
government. This is the first step in getting involved in the 
local emergency planning process. 


LOCAL DISASTER AND EMERGENCY 
PLANNING 


The importance of EMSs’ involvement in the local 
emergency planning process cannot be overemphasized. 
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Planners must realize that the active involvement of 
EHC elements in developing and updating these plans 
is imperative. 

Planning is the foundation component of a workable 
disaster plan and emergency response. Unfortunately, it 
is one of the first activities to be cut when local gov- 
ernments have fiscal constraints. Without a strong local 
emergency planning function to forecast possibilities, 
identify potential problems, anticipate alternatives, and 
develop responses, the EOP is relatively impotent as a 
useful tool for directing the disaster response, and the 
community's quality of response can suffer. 

Do local governments sufficiently plan for their disaster 
responses? The answer is, unfortunately, not as well as 
they should. This is usually a function of not enough time, 
people, or money, rather than of a lack of interest on 
the part of local officials. Those communities with less 
than ideal preparations will usually elevate their daily 
operational functions to a higher, emergency level to deal 
with the unexpected disaster event. Those communities 
with good emergency planning will still find that things go 
wrong or that things that were not anticipated complicate 
their emergency response. These findings only accentuate 
the importance of EHC involvement as early as possible 
in whatever planning processes might exist. This will 
help assure adequate coordination and control during 
an emergency. Although some communities across the 
United States are putting a stronger emphasis on disaster 
planning, it has not become a routine activity in most 
cities and counties. 

When citizen surveys are conducted to determine the 
activities deemed most important by the taxpayers of a 
community, services such as water, sewer, trash removal, 
parks, recreation, and animal control all rank above 
disaster planning (if it is mentioned at all!). Most local 
officials are consumed by the day-to-day activities of 
keeping their entity running. They are hard-pressed to 
respond to the citizens’ immediate needs. Activities such 
as planning, disaster exercises, and coordinating sessions 
seem a luxury in their hectic worlds. The simple fact 
is that for most local governments today, no disaster is 
conceivable until a disaster occurs. The failure to address 
disaster planning locally as a normal function of the 
public safety process significantly complicates the EMS 
interface. 


ACCESSING THE LOCAL EMERGENCY 
PLANNING PROCESS 


The ease of accessing a local jurisdiction’s emergency 
planning process will vary depending on the make-up, 
philosophy, and politics germane to that organization. In 
the event of an emergency or disaster, they are very likely 
to want or to need the involvement of the EHC community. 


With this in mind, a look at the issues surrounding EMS 
participation in local EOPs is appropriate. 

EMS is generally accepted into emergency planning in 
most municipalities. EMS, however, represents only one 
part of the overall EHC response that is needed during a 
disaster. If other EHC providers are not currently involved 
in planning efforts, some municipal planners may have 
difficulty in understanding the need for the involvement 
of emergency physicians, emergency nurses, and public 
health professionals. Their involvement in interfacing 
other elements of the EHC response with the overall 
disaster response and EMSs is critical. 

Using the access to the planning process already avail- 
able through the EMS medical director is a good way to 
start. In addition, presenting a unified and organized front 
for the EHC community through mutual aid committees, 
hospital associations, trauma committees, or medical so- 
cieties is a good first step. National organizations, such as 
the American College of Emergency Physicians (ACEP), can 
provide guidance in organizing the overall EHC response 
for a community. 

The key to EHC participation in the local government's 
emergency planning process is knowing whom to con- 
tact. To that end, this chapter has offered some insight 
on how the local government works and on how it is 
structured to assist the reader in that objective. One ad- 
vantage is knowing where to try to access the local govern- 
ment structure. The theory of POSDCORB, developed by 
Luther Gulick and Lyndall Urwick in the 1930s, is a good 
tool (5). POSDCORB is an acronym standing for Planning, 
Organizing, Staffing, Directing, COordinating, Reporting, 
and Budgeting. Although the theory was long on organi- 
zational structure and a bit short on the human relations 
element, it does provide seven areas through which to find 
access to the local government’s emergency planning pro- 
cess. For example, involvement in the planning function 
would be best. But, if for some reason this is not possible, 
try involvement through staff relationships or in the bud- 
geting process. More than one door always exists through 
which one can access the entity. 

Make sure whatever approach is used, it brings 
something to the table. This can be expertise, resources, 
assistance, or even a process. But, sometimes the local 
government entity needs to think that they get an even 
exchange for what they give up by letting an outsider into 
their planning process. 

Do not forget to connect with the private sector. Hos- 
pitals, chambers of commerce, citizen groups, airports, 
and state or federal offices in the community all offer po- 
tential relationships through which one can become more 
involved in local emergency planning issues. 

EHC involvement in the local government’s EOP is not 
only good management; it is also imperative to a successful 
emergency response. Not only should the people served 
by the EHC expect this, they should, in fact, demand it. 
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FIND A VVAY TO GET INVOLVEDİ This is fundamental 
to the goal of saving lives in an emergency response. 
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KETTE 


The United States National 


Response Plan 


David E. Hogan and Jonathan L. Burstein 


“The majority of men meet with failure because of their 
lack of persistence in creating new plans to take the place 
of those which fail.” 

Napoleon Hill 


The terrorist attacks of September 11, 2001, have had a 
profound impact on the manner in which the United States 
plans for, responds to, and recovers from all forms of 
disasters. Although much of the new perspective on federal 
response methodology is based on the core principles of 
disaster response, the National Response Plan (NRP) is 
clearly a plan in flux for the time being. A detailed treatise 
on such a plan would be impossible to include in a single 
chapter, and inappropriate at this time as much of the 
plan is likely to be modified over the next few years. The 
authors have attempted to provide an overview of some 
key aspects of the NRP so as to familiarize readers with 
its basic philosophy and form. 


GENERAL PHILOSOPHY 
OF THE NATIONAL RESPONSE PLAN 


In the Homeland Security Presidential Directive 5 (HSPD-5) 
the president of the United States directed that a new 
NRP be phased in to the existing plan for disaster- and 
terrorism-related events in the United States (1). The 
NRP is designed to establish a comprehensive, national, 
all-hazards approach to domestic incident management 
across a wide range of activities. The foundation of the 
NRP is the National Incident Management System (NIMS), 
a nationwide event response template that enables govern- 
ment and nongovernmental agencies and organizations to 
respond to all domestic disaster events. Such a system 
is able to provide a good doctrinal framework spanning 
all jurisdictional levels and may be modified or expanded 
on the basis of the nature and extent of the incident. 
The NRP provides mechanisms for national-level policy 
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and operational coordination to be carried out for do- 
mestic disasters under a uniform incident management 
structure. The NRP does not alter or obstruct the ability 
of federal, state, local, or tribal departments and agen- 
cies to carry out their authorities. Rather, the plan is 
designed with the assumption that, disaster events are 
typically best managed at the lowest possible geographical, 
organizational, and jurisdictional levels (2). The NRP also 
serves to organize and support existing operational and 
resource policies of the White House (executive branch) 
during decision-making processes in response to any na- 
tional threat or event. 

The NRP was created to be phased in over a period 
of months to years and has clearly had some difficulties 
in being fully implemented. Numerous educational and 
political barriers remain to be passed. It seems, however, 
that the basic structure and intent of the NRP are sound, 
and its structure allows reorganization and refinement as 
difficulties are encountered. 


INCIDENTS OF NATIONAL 
SIGNIFICANCE 


The NRP recognizes and defines a difference between 
incidents that require Department of Homeland Secu- 
rity (DHS) coordination—termed incidents of national 
significance—and most other disaster events occurring 
each year that are managed by responsible jurisdictions 
and agencies through other established authorities and 
plans. Incidents of national significance are those “high- 
impact events that require a coordinated and effective 
response by an appropriate combination of federal, state, 
local, tribal, private sector, and nongovernmental enti- 
ties to save lives, minimize damage, and provide the 
basis for long-term community recovery and mitigation 
activities” (2). 
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ROLES AND RESPONSIBILITIES UNDER 
THE NATIONAL RESPONSE PLAN 


Under the NRP, various federal and nonfederal agencies 
and individuals have specific povvers and responsibilities 
during a disaster or terrorist event. An operational 
understanding of these povvers and responsibilities is vital 
to the proper initiation and function of a disaster response. 


State, Local, and Tribal Governments 


Local agencies, police, fire, emergency medical service 
(EMS), public health, public works, and others are almost 
always the first to respond to a disaster and the last to leave 
the field of response. Federal agencies usually provide 
advice and assistance to local response elements. Mutual 
aid agreements among local, regional, and state agencies 
provide for mobilization and use of these resources 
under usual circumstances. When state resources and 
abilities become insufficient to manage the event, the 
state governor as the state’s chief executive officer (CEO) 
may request federal assistance from the president of the 
United States under a request for a presidential declaration 
of disaster or emergency. 


The State Governor 


As the state’s CEO, the governor is ultimately responsible 
for the welfare and public safety of the people within that 
specific state or territory. The specific responsibilities of 
the governor within the NRP include the following: 


m Coordination of the state resources to address the full 
spectrum of actions to prevent, prepare for, respond to, 
and recover from incidents in an all-hazards context to 
include terrorism, natural disaster, accidents, and other 
contingencies 

m Having police powers to make, amend, and rescind 
orders and regulations under certain emergency condi- 
tions 

m Providing leadership and playing a key role in commu- 
nicating with the public and helping people, businesses, 
and organizations cope with the consequences of any 
type of declared emergency within state jurisdiction 

m Encouraging participation in mutual aid and imple- 
menting authorities for the state to enter into mutual 
aid agreements with other states, tribes, or territories to 
facilitate resource sharing 

m When in state active duty or when title 32 status is 
employed, acting as the commander-in-chief of the state 
military forces (National Guard) and the authorized 
state militias 

m Requesting for federal assistance when it becomes clear 
that the state capabilities will be insufficient or have 
been exceeded or exhausted 


Local Chief Executive Officer 


A mayor of a city, or county manager (depending on the 
local governmental form) functions as the jurisdiction’s 
CEO and as such is responsible for the public safety and 
welfare of the people in that jurisdiction. The local CEO 
therefore has the following responsibilities under the NRP: 


m Coordination of the jurisdiction resources to address the 
full spectrum of actions to prevent, prepare for, respond 
to, and recover from incidents in an all-hazards context 
to include terrorism, natural disaster, accidents, and 
other contingencies 

m Depending on state and local law, exercising the extraor- 
dinary powers to suspend local laws and ordinances, 
such as to establish a curfew, direct evacuations, and, 
in coordination with the local health authority, to order 
a quarantine 

m Providing leadership and playing a key role in commu- 
nicating with the public and helping people, businesses, 
and organizations cope with the consequences of any 
type of declared emergency within the specific jurisdic- 
tion 

m Negotiating and entering into mutual aid agreements 
with other jurisdictions to facilitate resource sharing 

m Requesting for state and, if necessary, federal assistance 
through the governor of the state when the jurisdiction’s 
capabilities have been exceeded or exhausted 


Tribal Chief or Executive Officer 


The tribal chief or executive officer is responsible for the 
public safety and welfare of the people of that tribe. The 
tribal chief-executive officer, is authorized by the tribal 
government under the NRP for the following responsi- 
bilities: 


m Coordination of the tribal resources to address the full 
spectrum of actions to prevent, prepare for, respond to, 
and recover from incidents in an all-hazards context to 
include terrorism, natural disaster, accidents, and other 
contingencies 

m Exercising extraordinary powers to suspend tribal laws 
and ordinances such as to establish a curfew, direct 
evacuations, and order quarantine 

m Providing leadership and playing a key role in commu- 
nicating with the tribal nation, and helping people, 
businesses, and organizations cope with the conse- 
quences of any type of declared emergency within tribal 
jurisdiction 

m Negotiating and entering into mutual aid agreements 
with other tribes/jurisdictions to facilitate resource 
sharing 

m Requesting for state and federal assistance through the 
governor of the state when the tribes capabilities have 
been exceeded or exhausted 
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m Electing to deal directly with the federal government 
(although a state governor must request a presidential 
disaster declaration on behalf of a tribe); under the 
Stafford Act, federal agencies can work directly with the 
tribe within existing authorities and resources 


Departments and Agencies of the 
Federal Government 


Department of Homeland Security 


In 2002, the DHS was established by the Homeland 
Security Act (3). The aim of the DHS was to reduce 
the vulnerability of the United States to terrorist attacks, 
natural disasters, and other emergencies (4). The act also 
clearly designates DHS as a “focal point” regarding natural 
and manmade crises and emergency planning (3). 

The secretary of the DHS is responsible for coordinating 
federal operations within the United States to prepare 
for, respond to, and recover from terrorist attacks, major 
disasters, and other emergencies. In addition, HSPD-5 
clearly designates the secretary of the DHS as the “principle 
federal official” for domestic incident management (3). 
The secretary of the DHS becomes responsible for 
coordinating the federal resources, if and when any of 
the following conditions apply: 


m A federal department or agency acting in its own 
authority has requested DHS assistance 

m The resources of state and local authorities are over- 
whelmed and federal assistance has been requested 

m More than one federal department or agency has become 
substantially involved in responding to the incident 

m The secretary has been directed to assume incident 
management responsibilities by the president of the 
United States 


Department of Justice 


The Department of Justice (DOJ) is primarily involved in 
the NRP when an associated terrorist event is possible or 
has occurred. The attorney general is the chief law enforce- 
ment officer in the United States (3). Under the direction 
of HSPD-5 (as well as other statutes), the attorney gen- 
eral has the lead responsibility for criminal investigations 
of terrorist acts or threats by individuals or groups in- 
side the United States. In addition, the attorney general 
is responsible in a similar manner for terrorist threats or 
events directed at US citizens or institutions abroad when 
these acts fall within the federal criminal jurisdiction of 
the United States. The attorney general is also responsi- 
ble for related intelligence collection activities within the 
United States, under the applicable laws, executive orders, 
directives, and procedures for such terrorist events. 
Following a terrorist threat or actual incident that falls 
within the criminal jurisdiction of the United States, the 


FULL CAPABILITIES OF THE UNITED STATES will be 
dedicated to assisting the attorney general in identifying 
the perpetrators and bringing them to justice, consistent 
with the US law and other federal departments and 
agencies to protect national security. The attorney general 
coordinates the law enforcement activities through the 
Federal Bureau of Investigation (FBI) and other agencies 
to direct, preempt, and disrupt terrorist attacks against 
the United States. 


The Department of Defense 


The substantial resources of the Department of Defense 
(DOD) may in some circumstances be made available to 
support federal disaster response efforts. Under the NRP 
and the DOD Joint Doctrine on Homeland Security, DOD 
civil support is normally provided only when local, state, 
and other federal resources are “overwhelmed”; and when 
it is requested by the Lead Federal Agency responding 
to an incident or natural disaster. This is a fundamental 
principle of DOD’s approach to civil support; it is generally 
considered a resource of last resort. A review of the 
response that occurred during Hurricane Katrina have 
caused some to reexamine this approach (5). 

The secretary of defense may authorize the Defense 
Support of Civil Authorities (DSCA) for domestic incidents 
when directed by the president of the United States. Such 
authorization may also be given when it is consistent with 
military readiness and is appropriate under the law. 


Department of State 


The Department of State has international coordination 
responsibilities for incidents of national significance and 
disasters. The secretary of state takes on the responsibility 
of coordinating international prevention, preparedness, 
response, and recovery efforts in relation to domestic 
incidents. In addition, the secretary of state is responsible 
for protection of the US citizens and interests, overseas. 


Other Federal Agencies 


Depending on the nature of the incident of national sig- 
nificance, many other federal agencies may play primary, 
coordinating, or support roles in the NRP. 


EMERGENCY SUPPORT FUNCTION 


In order to organize resources and capabilities for disaster 
response, various federal and private sector capabilities 
have been placed within an organizational structure to 
provide support, resources, and services. Once organized 
within the emergency support function (ESF) structure, 
various departments and agencies may be activated for 
their specific services or resources (function) as necessary. 
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Various ESFs serve as the coordination mechanism when 
providing assistance to state, local, or tribal governments. 
In addition, they coordinate these functions with federal 
departments and agencies that are conducting missions 
under primary federal responsibility. The various ESFs 
and their general scope of activity are demonstrated in 
Fig. 13-1. 


NONGOVERNMENTAL 
ORGANIZATIONS 


Nongovernmental organizations (NGOs) are a key part of 
the overall national disaster response. Such organizations 
collaborate with first responders, government at all 
levels, and other agencies and groups providing aid 
and assistance during a disaster. They are particularly 
critical when the assistance provided is not available 
from other sources. One premier NGO, the American 
Red Cross (ARC) not only provides local relief but also 


coordinates with ESF #6 in mass care. Other Community 
Base Organizations (CBOs) are able to obtain federal 
funding to provide basic public health services. Another 
group, the National Voluntary Organizations Active in 
Disaster (NVOAD) is a collaboration of more than 30 
fully recognized national volunteer organizations that 
are active during disasters. These consortium members 
provide a wide range of expertise and services to incident 
command system during a disaster. An example of NVOAD 
activities includes those of the American Radio Relay 
League (ARRL) of the National Association for Amateur 
Radio, which establishes communication links into and 
out of disaster-stricken areas. 


ACTIVITIES WITHIN THE PRIVATE 
SECTOR 


The DHS and other elements within the NRP are directed 
to coordinate with the private sector to share intelligence 


ESF #1-Transportation—F ederal and civil transportation support 
Transportation safety 
Restoration/recovery of transportation infrastructure 
Movement restrictions 
Damage and impact assessment 
ESF #2-Communications—C oordination with telecommunication industry 
Restoration/repair of telecommunications infrastructure 
Protection, restoration, and sustainment of national 
cyber and information technology resources 
ESF #3-Public works and engineering— Infrastructure protection 
and emergency repair 
Infrastructure restoration 
Engineering services, construction management 
Critical infrastructure liaison 
ESF #4-Fire fighting—Fire fighting activities on federal lands 
Resource support to rural and urban fire fighting 
operations 
ESF #5-Emergency management- Coordination of incident 
management efforts 
Issuance of mission assignments 
Resource and human capital 
Incident action planning 
Financial management 
ESF #6- Mass care, housing, and human services 
Mass care 
Disaster housing 
Human services 
ESF #7-Resources support—R esource support (facility space, 
office equipment and supplies, contracting services, etc.) 
ESF #8- Public health and medical services 
Public health 
Medical 
Mental health services 
Mortuary services 


ESF #9-Urban search and rescue—Life-saving assistance 
Urban search and rescue 


ESF #10- Oil and hazardous materials response 
Environmental safety and short- and long-term cleanup 


ESF #11- Agriculture and natural resources 
Nutrition assistance 
Animal and plant disease/pest response 
Food safety and security 
Natural and cultural resources and historic properties 
protection and restoration 


ESF #12-Energy— Energy infrastructure assessment, repair, and restoration 


Energy industry utilities coordination 
Energy forecast 


ESF #13- Public safety and security—F acility and resource security 
Security planning and technical and resource assistance 
Public safety/security support 
Support to access, traffic, and crowd control 
ESF #14-Long-term community recovery and mitigation 
Social and economic community impact assessment 
Long-term community recovery assistance to states, 
local governments, and the private sector 
Mitigation analysis and program implementation 
ESF #15- External affairs— Emergency public information and 
protective action guidance 
Media and community relations 
Congressional and international affairs 
Tribal and insular affairs 


FIGURE 13-1. Emergency Support Functions under the National Response Plan. 
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and information, and coordinate at all levels and phases 
of emergency planning and response to recover from 
incidents of national significance. A private sector advisor 
group assists the secretary of Homeland Security in these 
activities. 

The specific role and responsibility of a private sec- 
tor organization will depend on the extent and nature of 
the event being responded to. Private sector organizations 
support the NRP either voluntarily or under compliance 
with applicable laws by sharing information with the gov- 
ernment, identifying risks, performing risk assessments, 
developing emergency response and business continuity 
plans, enhancing the overall readiness of each organiza- 
tion, implementing appropriate prevention and protection 
programs, and donating or otherwise providing foods and 
services through contract arrangements or government 
purchases to assist in the response and recovery activities. 


CITIZEN INVOLVEMENT 


The NRP is intended to foster strong relationships with 
citizen groups and organizations to provide support for in- 
cident management prevention, preparedness, response, 
recovery, and mitigation. The US Citizen Corps is de- 
signed to bring these various organizations together to 
focus on the efforts of such citizen groups through ed- 
ucation, training, and volunteer services to help make 
individual communities safer, stronger, and better pre- 
pared to address terrorism, crime, public health issues, 
and disasters. Under local citizen councils, programs such 
as community emergency response teams (CERTs), Medical 
Reserve Corps (MRC), Neighborhood Watch, Volunteers 
in Police Service, and others are initiated. 


THE NATIONAL INCIDENT 
MANAGEMENT SYSTEM 


A brief discussion of the NIMS is in order as it provides 
the foundation of the NRP. The complex and often 
chaotic nature of disasters or terrorist events is difficult to 
manage under the best conditions. Because of lessons 
learned from previous disasters and the effectiveness 
of the Incident Command Systems (ICS) or Incident 
Management Systems (IMS) employed by most local 
emergency responders, a national program for incident 
management has been deemed desirable. It is thought 
that a comprehensive national approach to incident 
management that is applicable at all jurisdictional levels 
and across all disciplines will improve the effectiveness 
of emergency response (2). On February 28, 2003, the 
president of the United States issued the HSPD-5 that 
directed the secretary of DHS to develop and administer 
a NIMS (1). Most day-to-day disaster events are managed 


under local incident management systems by a single or a 
few agencies and jurisdictions. However, on occasions of 
incidents of national significance numerous jurisdictions 
and organizations are likely to be involved. The NIMS has 
been created to assist in providing a framework under 
which these multiple entities may be coordinated and 
managed more effectively. The primary philosophy of 
NIMS is to “integrate the best existing processes and 
methods into a unified national framework for incident 
management” (6). The effectiveness of NIMS in integrating 
multiple entities is in the standardization of a number 
of core concepts, principles, procedures, organizational 
processes, and terminology that are applied to a broad 
range of NIMS users. 


Basic National Incident Management 
System Concepts 


The NIMS structure, in order to be applied over a wide 
range of users, must have a built-in degree of flexibil- 
ity along with the standardization process. The flexibility 
of the NIMS is multidimensional with the ability to ex- 
pand or contract based on the size of the incident, extend 
across multiple jurisdictions, organizations, and agencies, 
as well as to evolve temporally through all phases of 
an event—prevention, preparedness, response, recovery, 
and mitigation. The standardized format of the NIMS is 
placed within the structure of the ICS. The NIMS im- 
plements the use of common administrative processes 
and procedures for all entities involved, including a com- 
mon public information system. These processes are all 
based on a background of standardized training require- 
ments, resource management, personnel qualifications 
and certifications, equipment standards, communications, 
information management, technological support, and a 
process of continuous systems improvement (6). 


Basic National Incident Management 
System Components 


The NIMS structure consists of six major components. 
Some of these components are well known and well tested 
from repeated use at the local level by emergency manage- 
ment and response. Other components are newer in theory 
and application and will require some time and experience 
to perfect. The components of NIMS along with the specific 
function under them are demonstrated in Fig. 13-2. 


National Incident Management System 
Requirements 


To implement the NRP under the NIMS framework, 
beginning in FY 2007 (starting October 1, 2006) all 
federal preparedness funding will be conditioned on 
full compliance with the NIMS (2). Individual agencies, 
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Command and management 

İncident command systems 
The operational, command and management 
components organized for the duration of the event 

Multiagency coordination systems 
The operational and management components 
applied to the supporting entities through 
mutual aid agreements or other arrangement 

P ublic information systems 
The protocols, procedures, and systems used to 
communicate information to the public 

Preparedness 

Planning 
How personnel and equipment (resources) are to be 
used. Setting of priorities, integration of multiple 
agencies and communications protocols 

Training 
Agency- and discipline-specific training in ICS, 
Operations, Integration, and supporting technologies 

Exercises 
Realistic exercises using all involved agencies and 
components 

Personnel qualification and certification 
Identification of emergency responder national 
standards with activities undertaken to ensure 
personnel meet specific NIMS level certification 

Equipment acquisition and certification 
Acquisition of standardized— interoperable— 
equipment 

Mutual aid 
Clearly defined mutual aid agreements between all 
agencies and jurisdictions 

Publications management 
Standardized documentation process and 
document management 


Resource management 
NIMS defines standard mechanisms and 
requirements for inventory, mobilization, dispatch, 
tracking, and recovering resources over the life of 
the event 


Communications and information management 
Incident management communications 
Must ensure effective and interoperable 
communications systems and protocols exist across 
all agency and jurisdictional areas 
Information management 
Systems and protocols must be in place to 
effectively manage all forms of information to all 
entries involved across the spectrum of the event 
Supporting technologies 
The acquisition, management, and maintenance of 
technology associated with all aspects of the event 


Ongoing management and maintenance 
Activity to provide strategic direction and oversight of 
the NIMS under continuous quality review methods 


FIGURE 13-2. The components of the National Incident Management System. 


organizations, and jurisdictions have specific training 
and standardization requirements that must be met to 
participate in NIMS as being eligible for federal funding 
for disaster and terrorism preparedness. More information 
on these requirements may be found on the NIMS 
homepage at www.fema.gov/nims. In addition, further 
details on the NRP and NIMS may be found in Chapter 12. 


ACTIONS OF THE FEDERAL 
GOVERNMENT UNDER THE NATIONAL 
RESPONSE PLAN 


There are a series of actions that occur when a disaster, 
terrorist event, or threat develops. Additionally, the 
NRP has reorganized a number of agencies to improve 
interagency cooperation. This has resulted in a number 
of new centers, groups, and task forces, each with its 
own acronym. Reviewing these will help in understanding 
the overall involvement of the federal government under 
the NRP. 


Notification and Assessment 


Initially, federal, state, local, tribal, private sector, and 
nongovernmental organizations report threats, incidents, 
and potential incidents by using established communi- 
cations and reporting channels. The Homeland Security 
Operations Center (HSOC) receives this information re- 
garding real or potential incidents and makes an ini- 
tial determination to initiate the coordination of federal 
information-sharing and incident-management activities. 
When notified of a threat or an event with possible 
national-level implications, the HSOC assesses the situ- 
ation and notifies the secretary of Homeland Security 
accordingly. 


Reporting 


Federal, state, tribal, private sector, and nongovernmental 
Emergency Operations Centers (EOCs) report incident 
information to the HSOC. In most situations, incident 
information will be reported using existing mechanisms 
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to state or federal operations centers, which will in 
turn report the information to the HSOC. Information 
regarding potential terrorist threats is normally reported 
first to a local or regional Joint Terrorism Task Force (YTTF) 
and, subsequently, by the FBI Strategic Information and 
Operations Center (SIOC) to the HSOC if the FBI deems 
the threat to be credible. 


Activation 


For actual or potential incidents of national significance, 
the HSOC reports the situation to the secretary of 
Homeland Security and/or senior staff as delegated by 
the secretary, who then determines the need to activate 
the components of the NRP to conduct further assessment 
of the situation, initiate interagency coordination, share 
information with affected jurisdictions, and/or initiate 
deployment of resources. Concurrently, the secretary 
determines whether an event meets the criteria established 
for a potential or actual incident of national significance 
as defined in the NRP. 

When the secretary declares an Incident of National 
Significance, federal departments and agencies are noti- 
fied by the HSOC as operational security considerations 
permit. The secretary may also be called upon to staff 
the Interagency Incident Management Group (IIMG) and 
National Response Coordination Center (NRCC). The af- 
fected state(s) and tribes are also notified by the HSOC 
using appropriate operational security protocols. In the 
preincident mode, such notification may be conducted 
discreetly, on a need-to-know basis, so as to preserve the 
operational security and confidentiality of certain law en- 
forcement and investigative operations. The NRCC and 
Regional Response Coordination Center (RRCC) deploy, 
track, and provide incident-related information until the 
Joint Field Office (JFO) is established. 


Response 


Once an event occurs, the priority shifts to immediate and 
short-term response activities to preserve life, property, 
environment, and the social, economic, and political struc- 
tures of the community. Actions are also taken to prevent 
and protect against other potential threats. Examples of 
response actions include immediate law enforcement, fire, 
and EMS actions; mass care, public health, and medical 
services; emergency restoration of critical infrastructure; 
control of environmental contamination; and health and 
safety protection. 

During the response to a terrorist event, law enforce- 
ment actions to collect and preserve evidence and to 
apprehend perpetrators are critical. These actions take 
place simultaneously with response operations necessary 
to save lives and protect property. 


Recovery 


Recovery involves actions needed to help individuals and 
communities return to function when feasible. The JFO 
is the central coordination point among federal, state, lo- 
cal, and tribal agencies and voluntary organizations for 
delivering recovery assistance programs. Long-term envi- 
ronmental recovery may include cleanup and restoration 
of public facilities, businesses, and residences; reestablish- 
ment of habitats and prevention of subsequent damage to 
natural resources; protection of cultural or archaeological 
sites; and protection of natural, cultural, and historical 
resources from intentional damage during other recovery 
operations. 


Mitigation 

Hazard mitigation involves reducing or eliminating long- 
term risk to people and property from hazards and 
their side effects. The JFO’s Community Recovery and 
Mitigation Branch is responsible for coordinating the 
delivery of all mitigation programs within the affected 
area, including hazard mitigation and for the following: 


m Grant of programs for loss reduction measures (if 
available) 

m Delivery of loss reduction building-science expertise 

m Coordination of federal flood insurance operations 

m Community education and outreach necessary to foster 
loss reduction 


Demobilization 


When a centralized federal coordination presence is no 
longer required in the affected area, the JFO Coordination 
Group implements the demobilization plan to transfer 
responsibilities and close out the JFO. After the closing 
of the JFO, long-term recovery program management and 
monitoring undergo transition to the individual agencies’ 
regional offices and/or headquarters, as appropriate. 


Remedial Actions and After-Action 
Reports 


DHS formally convenes interagency meetings called hot- 
washes to identify critical issues requiring headquarters- 
level attention, lessons learned, and best practices 
associated with the federal response to incidents of na- 
tional significance. Hotwashes are typically conducted at 
major transition points over the course of incident man- 
agement operations, and should include state, local, and 
tribal participation. Identified issues are validated and 
promptly assigned to appropriate organizations for rem- 
edy. Following an incident, the JFO Coordination Group 
submits an after-action report to the DHS headquarters 
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detailing operational successes, problems, and key issues 
affecting incident management. The report includes ap- 
propriate feedback from all federal, state, local, tribal, 
nongovernmental, and private sector partners participat- 
ing in the incident. 


SUMMARY 


The federal response to disaster and terrorist events in 
the United States has been reorganized under the NRP, 
initiated under the HSPD-5. A nevv federal department, 
the DHS, has been established to provide oversight 
management of the federal response to such events. The 
implementation of the NRP requires application of a NIMS 
to standardize and improve multiagency and jurisdictional 
response to incidents of national significance. The NRP is 
currently in a “phase-in” mode with most jurisdictions 
across the nation currently working toward meeting the 
requirements of NIMS. As such, the NRP is in a low-grade 


state of flux. However, the philosophical approach and 
NIMS foundation of the NRP appear to be sound. 
Application of the NRP as it evolves will likely improve 
disaster response in the United States substantially. 
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Chapter 14 


Communication and information 
Technology Tools for Disaster Response 
and Medical Assistance 


Victoria Garshnek and Frederick M. Burkle 


“What we have here ... is failure to communicate ...” 
Strother Martin, Cool Hand Luke Warner Brothers 
1967. 


THE DISASTER COMMUNICATIONS 
CHALLENGE 


Disasters are extreme events. Whether natural events or 
man-made crises, they cause significant disruption and 
put lives and property at risk. Therefore, they require 
an immediate response and a coordinated application of 
resources, facilities, and efforts beyond those regularly 
available to handle routine needs. Of all the problems ex- 
perienced during disaster events, one of the most serious 
problems centers on communication, specifically, the lack 
of appropriate means to collect, process, and transmit im- 
portant information efficiently in the midst of a disaster. 
If accurate and timely information can be made avail- 
able, needless morbidity and mortality might be prevented. 
Therefore, the establishment (or reestablishment) of effi- 
cient and reliable communications systems is one of the 
most important challenges that are faced. 

Within the potential disaster area, the communications 
infrastructures often function perfectly well in the normal 
prevent environment or provide adequate capability to 
address everyday, minor emergencies when information 
needs are not complicated and only one or several agencies 
are involved in a localized occurrence. However, a disaster 
can be responsible for creating an abnormal communica- 
tions environment in which the emergency responders 
must function. In this environment, the reliability and 
timeliness of information are more important than ever 
and are also more difficult to obtain. In addition, the 
frequent use of single chain notification paths, which, if 
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broken, can result in the disruption of critical information 
flow, may further complicate matters. Multiple path com- 
munications and redundancy have now become essential 
technological considerations. What is important is that 
critical information gets through. 

Over the last two decades, a variety of telecommu- 
nications technologies have been used for humanitarian 
assistance and disaster medical response (1-4). Lessons 
learnt have provided important insight into the challenges 
and scope of utility for disaster and humanitarian applica- 
tions. For example, emergency communications systems 
should lend themselves to be quickly prepared and in- 
stalled in areas where terrestrial communications lines 
or systems are unreliable, damaged, or nonexistent and 
speed and efficiency are important for establishing contact 
with the outside world. This contact could be as simple as 
a voice lifeline, or it could be as advanced as an Internet 
link or broadcast quality video/audio transmission. Ide- 
ally, systems should be compact, reliably powered, easy to 
use, easy to repair, lightweight, rugged, and highly mobile 
or transportable. Disaster communications systems may 
not need to be special or sophisticated to deliver the re- 
quired benefit. The major challenge is to match the right 
communications and contingency systems with a given 
disaster plan or scenario. Another important challenge 
is the ability to assess and manipulate acquired abstract 
information and to communicate essential results where 
and when they are needed. 

Although the recognition exists that the communica- 
tions capabilities taken for granted everyday could be 
lost in a matter of minutes during a disaster, a more 
effective use of existing technologies, as well as the im- 
plementation of new technologies, are important steps 
toward improving disaster response to save lives. This 
chapter explores existing and new telecommunication and 
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information technologies and their advantages, disadvan- 
tages, and utility in disaster management and disaster 
medicine needs. 


BASIC COMMUNICATION 
INFORMATION PATHVVAYS 


The telecommunications infrastructure provides the tech- 
nology to move information electronically between ge- 
ographically dispersed locations. In simple terms, it 
provides the conducting pathway to move electronic infor- 
mation. The pathway that is used is determined largely by 
the available infrastructure and required capability. The 
pathway can take the form of any of the following: 


m Landlines (single or twisted pairs of metallic wires, 
coaxial tubes, or fiber-optic cable) 

m Air waves (radio, microwave, or television broadcast) 

m Satellite link 


Tables 14-1, 14-2, and 14-3 provide descriptions of the 
basic telecommunication infrastructures and related in- 
formation (capabilities, types of data or information trans- 
ferred, advantages, disadvantages, and potential damage 
from disasters that can render the system useless) (5,6). 


Bandvvidth — Bit Rate 


The bandvvidth or bit rate of the transmission medium 
(terms that are used to refer to the amount of information 
that may be sent per unit of time) is a limiting factor on 
the type of telecommunication system that may be used. 
For example, narrow bandwidth systems, such as plain 
old telephone systems (POTS), are relatively inexpensive 
to operate, but they lack the capacity to transmit high- 
quality full-motion video (5). Broad bandwidth networks, 
including fiber-optic cable and many satellite systems, are 
capable of carrying sufficient data to permit the use of 
interactive, high-quality, full-motion video. 


Landlines 


Landlines provide the links between nodes in telecom- 
munications networks and offer point-to-point transmis- 
sion along a wire or fiber-optic cable medium. Metallic 
twisted pairs are the most common transmission media 
for telephone networks. Subscriber loops consist almost 
exclusively of twisted pairs contained in cables. Coaxial 
tubes provide a higher bandwidth than twisted pairs and 
therefore allow many channels to be carried on the same 
tube through multiplexing (6). 


Fiber-optic Communications 


Fiber-optic communications links transmit light waves 
through glass fibers and offer an advantage over wire 


because of their high bandwidth and protection against 
electrical interference. With optical fibers, electrical sig- 
nals are converted into light waves that are transmitted 
along the optical fiber and then converted back into elec- 
trical signals at the other end. The optical fibers, or light 
guides, are bundled into a cable. Cables with 48 to 144 
fibers are used in long-distance telephone networks, and 
cables with approximately 12 fibers are found in local 
networks. Where fiber is feasible, it clearly offers excellent 
service. The disadvantages of optical fiber with relation 
to disaster management are that it cannot attach to any- 
thing that moves, it cannot economically reach remote 
locations, and it cannot broadcast a signal simultaneously 
to all parts of a continent. To meet these needs, radio and 
satellite media are used (6). 


Radio Links 


Radio links differ from landlines in that radio signals 
propagate through free space and commonly use higher 
frequencies than line signals. They are mostly used for 
broadcasting and for point-to-point communications. The 
entire frequency range from approximately 10 KHz to 
several GHz is available. Several different forms of radio 
links are used in communications networks. Microwave 
radio links (links using frequencies > 1 GHz) are used in 
terrestrial short-haul and long-haul links, as well as in 
satellite links. Cellular radio and other forms of mobile 
radio communications use frequencies between 30 MHz 
and 1 GHz. The exact frequency band allotted depends 
on the geographical location and the regulatory frequency 
allocation. 

Mobile communications links, such as ship-to-shore 
and airplane-to-ground, operate in the high-frequency 
(HF) radio band. Radios provide a means of communica- 
tion that is essentially independent of the local telephone 
and electrical infrastructures. Consequently, damage to 
these infrastructures as a result of disaster has minimal 
effect on radio communications. However, damage to ra- 
dio towers, base stations, and repeaters can disable the 
communication (5-7). 


Satellite Links 


Satellites serve places that fiber and copper wire cannot 
reach. Also, satellites are a broadcast medium whereas 
fiber is point-to-point. Satellites offer a method of long- 
distance communication when other means, such as land- 
line or cellular telephone service, are destroyed by disaster 
or, as in many developing countries, are nonexistent or 
inadequate (6,8,9). 

The following three elements at least are necessary to 
establish effective satellite communications from one site 
to the outside world: a satellite terminal to transmit and 
receive communications at the originating site, satellites 
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and satellite services to relay the communications betvveen 
the site and distant locations, and satellite gateways at 
distant locations to receive and transmit communications 
and to provide an interface with telephone or other 
communications networks. 

The greatest advantage that satellites offer to disaster 
communications is their independence from the local 
communications infrastructure that may be nonexistent, 
damaged, or destroyed during a disaster. However, these 
advantages come at a great cost. Previously, satellite 
terminals have cost thousands to tens of thousands of 
dollars, with additional costs for satellite services and 
maintenance (8,10). Consequently, governments, large aid 
organizations, and the media have had primary access 
to satellite resources. Some communities and even some 
developing countries have not been able to afford their 
own emergency equipment and, therefore, have relied 
on outside agencies for assistance. Fortunately, costs 
are lower with the evolution of more portable satellite 
terminals in this century (9,11). 

In the past, even the smallest satellite terminals lacked 
the truly personal use that portable cellular products 
had achieved. Two approaches addressing the portabil- 
ity issue have emerged with regard to satellite systems. 
One approach continues along the line of geostationary 
satellite development. In previous years, all commercial 
communication satellites were geostationary (a satellite 
is placed in a Geosynchronous Earth Orbit [GEO] 22,300 
miles [42,164 km] directly over the earth’s equator; it ap- 
pears to be stationary in the sky, turning synchronously 
with the earth) (9,12). Because of the long transmission 
distances between the Earth and geostationary satellites, 
gateway facilities had to be relatively powerful, thereby 
requiring fixed facilities with large antennas. The solution 
for portability is to design larger, more powerful satellites 
that in turn require smaller (handheld) earthbound ter- 
minals (9,13). The other approach requires the use of an 
array of multiple nongeostationary satellites in Low Earth 
Orbit (LEO) (9). Because LEO satellites are much closer 
to the earth than geostationary satellites, the power re- 
quirements are reduced and handheld terminals about the 
size and weight of portable cellular telephones are ade- 
quate for communicating through satellites (14,15). In the 
context of disaster communication, portable communica- 
tion through satellite could offer immediate, reliable, and 
personalized communications for disaster responders, re- 
gardless of the severity and magnitude of the surrounding 
damage. 

LEO satellites that provide “bandwidth on demand” 
are also an important asset for this century, making 
high-speed data communications at up to 1.2 billion 
bits per second, broadband Internet access, and real-time 
videoconferencing available anywhere on the globe (this 


is the satellite equivalent of fiber optics) (16). This is a 
fixed (stationary or permanently mounted) system, rather 
than a mobile (handheld or portable) system (the system is 
referred to as an earth station; it contains radio equipment, 
an antenna, and satellite communication control circuitry 
that is used to provide access from terrestrial circuits to 
satellite capacity). 

The advent of LEO communications satellites is a 
significant event, and it can potentially knit the world 
together with basic communications (although it is not 
intended to replace terrestrial circuits). At the most basic 
level, individuals will acquire the capability to have one 
cellular telephone that will operate anywhere in the world. 
In the midst of a disaster, even if the surroundings are 
totally leveled, a pocket cellular telephone user subscribing 
to a global LEO service can make an immediate call for 
help to any telephone on the planet. The major impact on 
disaster management is that the lack of communications 
no longer needs to be the paralyzing agent in a disaster 
scenario. 

What types of disaster medicine capabilities would be 
possible with satellite systems discussed here? With a LEO 
satellite mobile phone type system, voice, position, data, 
and fax can be transmitted. When connected to a personal 
computer (PC) (or a smaller laptop or pocket computer), 
spreadsheets and e-mail, as well as slow image or graphical 
transfer can occur. For telemedicine use, these mobile 
telephones with computer interfaces can be used in the 
field to assist on-site workers with triage or medical advice 
through voice link with physicians at medical facilities and 
can provide a slow, but reliable, data or image transfer 
to medical facilities if necessary. Although limited in 
bandwidth, the trade-off here would be compact mobile 
convenience with immediate voice communication at the 
cost of slow image and data transfer. For first responders 
in a disaster, a reliable phone voice-link may be all that 
is needed to communicate an initial assessment and to 
order appropriate medical supplies and support to the 
site (17). The mobile nature of these telephones and their 
independence from the damaged ground infrastructures 
make it ideal for taking them directly into the field without 
prior preparation or setup. 

The “bandwidth on demand” type systems, which are 
rather fixed, may play an important role at a later point 
in the disaster flow of events by enabling a web-based, 
multimedia e-mail telemedicine consultation that is inde- 
pendent of the ground infrastructure damage. Hospitals 
can be equipped with the appropriate terminals and anten- 
nae well in advance as part of their emergency response 
system, whereas relief medical personnel can establish 
a wireless system near the disaster site where the casual- 
ties would reside. Uninterrupted medical communications 
could then be provided. 
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INFORMATION TECHNOLOGY 
AND DISASTER MANAGEMENT 


The management, analysis, and communication of infor- 
mation are a challenge during a disaster. What is urgently 
needed are systems that reduce the information burden 
of disaster management and allow the rapid entry and re- 
trieval of notes, rapid ordering and reporting of findings, 
and easy and timely access to current literature, databases, 
and help-aids (decision support systems). This century is 
a critical developmental period for disaster management 
interests in information technology. The administrative, 
resource management, and science and research arms of 
disaster management will all be affected by the growing 
prominence of artificial intelligence (AI), modeling, virtual 
reality (VR), the Internet, the world wide web (WWW), and 
computer miniaturization. 


Artificial Intelligence and Decision 
Support Systems 


For disaster applications, an efficient decision support 
device must be easy to use and must beneficially enhance 
the judgment of the user. A device that simply models 
the decision-making behavior of the user is likely to be of 
limited use. AI provides practical and medically applicable 
intellectual processing capabilities. In disaster medical 
situations where time is especially valuable, AI systems 
could be the critical decision time saver that makes a 
significant difference in the medical outcome of casualties. 


Artificial Neural Networks 


An important goal of AI research is to develop computers 
that can learn from experience. As part of working toward 
this goal, a set of techniques, which offer the potential 
to alter the way in which knowledge is discovered and 
represented, have been developed in the field of machine 
learning. One method of particular interest is the Artificial 
Neural Network (ANN). 

ANNs have been described extensively (18-22). Neural 
nets are an approach to data analysis that is unrelated to 
statistical methods. An ANN uses a mathematical pattern 
recognition paradigm to learn the complex interactions 
among input variables and outputs as it trains on a known 
set of data. It then uses these learned patterns to estimate 
the expected output when presented with new inputs. The 
neural net therefore develops common sense and judgment 
for evaluating new cases on the basis of a historic database 
of prior learning and experience (23,24). 

For example, instead of applying multiple rules or a 
fixed algorithm for differential diagnosis or similar prob- 
lem solving, an ANN repetitively evaluates input data (e.g., 


lesion descriptions, patient age, family history) paired with 
output data (e.g., biopsy results) of training cases to dis- 
cover patterns that permit the consistent classification of 
test cases. Many previously difficult tasks, such as image 
discrimination and interpretation, pattern recognition, 
signal interpretation and waveform analysis (e.g., electro- 
cardiography, electroencephalography), outcome predic- 
tion, the identification of pathological specimens, clinical 
pharmacology, and the analysis of multiple streams of 
data in real time, have been successfully performed using 
ANNs; these are well referenced and documented (25). 
ANNs bypass the difficult and time-consuming knowledge 
acquisition process by learning complex associations di- 
rectly from examples and experience (26). This results in a 
neural net decision support tool that can adapt to perform 
the same task under varying conditions. 

Although the interpretive advantage of nets has numer- 
ous applications, the ANN is limited by its inability to 
explain its conclusions. The reasoning by which a neural 
network renders a conclusion is hidden within the dis- 
tributed weights and is unintelligible as an explanation. 
ANNs are therefore limited to interpreting patterns where 
no explanation or justification is necessary. Because the 
need to justify conclusions is recognized as an important 
part of the process of decision support (e.g., in clinical 
diagnosis), this limits the application of neural networks 
in certain tasks. 

Neural networks can apply their estimation and classi- 
fication methodologies to disaster and emergency medical 
decision support. For example, at the prehospital scene, 
first-aid disaster workers must, often in a matter of 
seconds with sparse information at hand, make critical 
decisions concerning the urgency of an injured patient's 
condition and the type of trauma care required. This de- 
cision process, known as triage, is an integral component 
of emergency care medicine. Avoiding undertriage is a 
matter of saving lives; avoiding overtriage is a matter of 
preventing precious emergency care resources from being 
overtaxed and misallocated (see Chapter 2). An ANN-based 
decision support tool introduced in an emergency or dis- 
aster area (through a handheld device) may potentially 
play a valuable role in producing faster triage decisions 
based on complex, multifaceted information. 

In the disaster arena, neural networks will most likely 
be seen as components of larger systems that make use 
of expert-given rules or statistical inference techniques 
as required—during the acute disaster phase, they may 
provide decision support to individuals to help them 
perform at a higher level; and during the predisaster 
phase, they may assist in training the staff and help 
in disaster scenario planning (e.g., “what-if” situations). 
Developments in machine learning will allow disaster 
medicine and management professionals to do more than 
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fust sit on a mountain of collected information, they can 
then use this information to extract new knowledge. 


Expert Systems 


An expert system is a program that captures elements of 
human expertise, usually in the form of situation recog- 
nition rules, and performs tasks that rely on specialist 
knowledge. Also referred to as knowledge-based systems, 
these computer programs analyze data in a way that, if 
performed by a human, would be considered intelligent. 
An expert system consists of a knowledge base that con- 
tains the rules necessary for the completion of its task, a 
working memory in which the data and conclusions can 
be stored, and an inference engine that matches rules to 
data, to derive its conclusions (27). 

Ideally, for medical applications, external aids (elec- 
tronic tools) to improve decision making should be able to 
retrieve and link general medical knowledge and patient- 
specific data to identify all relevant medical options and 
the pros and cons of each based on the patient’s unique 
characteristics (28). 

Expert systems differ qualitatively from ANNs and are 
characterized by the following: 


m Symbolic logic rather than just numerical calculations 

m An explicit knowledge base understandable to an expert 
in that area of expertise 

m Ability to explain its conclusions with concepts that are 
meaningful to the user 


Generally, expert systems are used in two different 
ways: (a) for decision support (to remind an experienced 
decision maker of the options or issues to consider, 
which he or she once knew but may have forgotten; 
this is the most common use in medicine) and (b) for 
decision making (to allow a person to make a decision 
that is beyond his or her level of training and experience). 
Table 14-4 describes the different types of tasks enabled 
by expert systems (29) and their application to disaster 
management and disaster medicine, as well as the disaster 
phase where the expert system type would be most useful. 

A major disadvantage of expert systems is the process 
of manual knowledge acquisition from human experts, 
which can be a drawn-out affair. To counter this problem, 
much work has gone into developing techniques to 
automate the acquisition of knowledge in the form of 
rules or decision trees from databases (30). 


Model-Based Systems 


One of the important contributions of AI research has 
been a growing understanding of the ways in which 
knowledge can be represented and manipulated. Rule- 
based representation of knowledge is only appropriate for 
narrowly defined problems (e.g., diagnosing chest pain). 


Model-based systems (sometimes called second-generation 
expert systems) are designed to use the existing models in 
the hope that they will be able to cover a broader set of 
problems than that possible with rules. These models may 
exist as mathematical descriptions of relationships, as 
compartmental system models, or as statistical models. 
Model-based systems are perceived as being better at 
explaining than the shallower rule-based systems and at 
dealing with novel or complex problems. They are also 
more computationally expensive to run, as it takes longer 
to reason out a problem from first principles than it does 
simply to recognize it from previous experience or input. 
The future will see systems that combine both, having 
the facility to invoke comprehensive models should they 
be needed and also being able to rely on efficient rules 
whenever they are applicable (27). 

Knowledge-based gaming modeling and analysis de- 
cision support systems can be useful as an educational 
or drill tool before a disaster strikes or during a disas- 
ter when multiple courses of action are being considered 
and the consequences must be weighed. Such tools can 
significantly improve the visualization, development, and 
assessment of alternative maneuver courses of action un- 
der the direct control of a commander and staff. Critical 
events could be inserted into a disaster scenario, which 
could then be restarted to go through an action/reaction/ 
counteraction sequence. 

Clearly, a need exists for providing decision support 
in areas that are difficult for humans, namely, tracking 
multidimensional information, visualizing abstract situa- 
tional features, managing uncertainty, detecting conflicts 
and constraint violations, and action/reaction gaming and 
outcome assessment. For those in command or leadership 
roles it is important to have the ability to view a compli- 
cated situation from multiple perspectives and to use this 
insight wisely. 


VIRTUAL REALITY 


VR is an array of computer technologies that is employed 
to immerse a user in a synthetic world by creating a 
sensory-based environment that interactively responds 
to and is controlled by the user’s behavior. The more 
efficient and natural the flow of data—the sights, sounds, 
and sensations that mimic actual experience—the more 
persuasive the sense of reality is (31,32). 

Virtual environments can be used effectively for train- 
ing in disaster medicine and management procedures. 
In relation to a battlefield or disaster situation, a vir- 
tual system can provide the environment to perfect the 
skills and rehearse procedures before entering a hostile 
or chaotic environment (33). A significant need exists for 
high-fidelity VR training tools to help develop skills for 
managing complex situations that must be addressed at 
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) TABLE 14-4 Application of Expert Systems to Disaster Management 


Expert System 
Task or Type Description 
Generating alerts and 
reminders can vvarn of changes in the external 
environment, injured patient, etc. 
İt might scan data and send 
reminders or warnings through 
an electronic communications 


system, audio device, etc. 


Decision assistance 


an expert system can help generate 
likely decisions based on given data 


Planning and critiquing Systems can look for inconsistencies, 


errors, and omissions in an existing plan 


of action, or they can be used to 
formulate a plan based on a specific 
scenario and accepted planning 
guidelines 

Software agents can search for and 
retrieve information (e.g., on the 


Agents for information 
retrieval 


Internet) that is considered relevant to a 


particular problem 


The agent contains knowledge about its 


user's preferences and needs; it 
may also possess knowledge 
for assessing the importance 
and utility of what it finds 
Image recognition and 
interpretation interpreted 
In medicine, for example, this is of 
value in mass-screenings, 
where the system can flag 
potentially abnormal images for 
detailed human attention 


a more abstract level. Human immersion concepts and 
virtual environment technology (real-world display) can 
be applied to the development of complex mission man- 
agement rehearsals for predisaster use. Such a system 
would allow a trainee to view, navigate, and interact with 
an abstract virtual world and would impart a higher level 
of conceptual understanding. 


THE INTERNET AND WORLD WIDE WEB 


The Internet has emerged as an unexpected global 
phenomenon offering unprecedented facilities for the 
creation, storage, and communication of information. 


An expert system attached to a monitor 


When a situation is complex or the person 
making the decision is inexperienced, 


Many images can now be automatically 


Application to Disaster 
Management/Medicine 


Applicable 
Disaster Phase 


Environmental: multiple sites are 
monitored; can send alerts based 
on predetermined criteria for 
notification of a pending disaster 
(e.g., earthquake, tsunami) or 
detection of hazardous 
substances 

Medical: patient physiological 

monitoring of multiple 
parameters can alert of critical 
physiological status 

Identification of unknown 
hazardous, biological, or 
chemical substance; medical, 
diagnostic, or therapeutic 
support for the disaster victim 

Logistics or medical supplies 
determined based on current 
consumption data and projected 
trends 


Predisaster, acute 
disaster 


Acute disaster 


Predisaster, acute 
disaster, postdisaster 


Retrieval of key medical 
information from established 
networks and databases 
(chemical/biological 
contamination procedures, 
health consequences of disaster 
aftermath, etc.) 


Predisaster, acute 
disaster, postdisaster 


Mass x-ray screening of disaster 
casualties (e.g., specific trauma); 
flagging of abnormal 
dermatological consequences of 
chemical/biological agent 


Acute disaster, post 
disaster 


Worldwide networking through the Internet promises 
to revolutionize the way information is shared and con- 
sumed, and it can enhance communications and knowl- 
edge among and within the many areas of a given field. The 
rapid increase in Internet use has been significantly facil- 
itated by diminishing technical barriers (e.g., widespread 
access to the Internet, increased computer literacy in end- 
users, and the availability of inexpensive but powerful 
computer hardware and software). 

One of the limitations of Internet services was that they 
were text-based, thereby limiting the type of information 
that could be sent electronically across the network. 
However, with the advent of the WWW, a multimedia 
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service available through the Internet, users can novv 
exchange not just text, but also sound, images, and video, 
and can access information by navigating rapidly across 
the global Tnternet. 


Disaster Management Networks 


Many nations have established their own disaster-related 
networks that are accessible through the WWW (34). An 
all-encompassing global source that identifies and links 
all nations and makes possible the worldwide sharing 
of critical information and expertise would be ideal; at 
the time of writing this, such information networks have 
emerged and are evolving (35-37). 

The inclusion of medical assistance in global informa- 
tion systems could provide timely medical information 
resources in areas where medical help is scarce or in dis- 
aster situations where rapid access to medical information 
may be needed. Within these web-based information sys- 
tems, medical assistance could take the following forms: 


m Access to an on-line medical library 

m Access to medical consultation or advice (interactive, 
store-and-forward [SAF]) 

m Access to medical facility and logistics information 

m Real-time interactive telementoring assistance to field 
personnel 

m On-line diagnostic and therapeutic decision support 
systems (knowledge-based systems, neural networks) 

m Automated multilingual medical query capability 


Web-Based Telemedicine 


The WWW has attracted considerable attention as an effi- 
cient platform for conducting telemedicine consultations, 
medical education, and access to medical knowledge. De- 
veloping a clinical application system based on Internet 
technology and using web-based commercial software is 
already becoming a natural choice for enhancing the 
practice of medicine (38-44). An overall goal is to de- 
velop a system that integrates existing systems within 
a single platform (workstation), is protocol-driven with 
SAF or real-time teleconsulting capability, and can op- 
erate independently on convenient multiple hardware 
platforms (e.g., desktop PC, laptop, or pocket-sized com- 
puter). This system would be able to access medical 
information from numerous sites and would have the ca- 
pability to transfer and share information with remote 
outlying areas and throughout the world. The Inter- 
net, WWW browser technology, and on-line information 
sources are available, powerful, and cost efficient, and 
are becoming the drivers in making web-based multime- 
dia telemedicine possible. Future medical possibilities are 
considerable; these could include battlefield and disaster 
field applications. 


COMPUTER MINIATURIZATION 


Personal Digital Assistants (Pocket 
Telemedicine) 


Computer miniaturization has downsized the familiar 
desktop PC to portable laptop units that provide comput- 
ing power away from the desktop. Today, miniaturization 
has become even more dramatic, leading to the concept of 
a pocket-sized Personal Digital Assistant (PDA), which has 
even more transparent and highly personalized interfaces, 
some of which are pen-based, touch-based, or even voice- 
driven. Interest in tailoring these devices for specialized 
niche areas is growing so that their unique advantages 
might be exploited. Health care, including emergency and 
disaster medicine, is one such field. 

PDA devices have some key quality characteristics— 
information management; portability; and, to varying de- 
grees, e-mail, fax, and graphics capabilities, connectivity, 
digital photography, and voice recording. Telephone line, 
ethernet, radio frequency, and diffuse infrared transmis- 
sion schemes have all been used for sending and receiving 
information. 

The ability to use a single small communicator to trans- 
mit a variety of information virtually anywhere in the 
world would be ideal for the disaster field worker. When 
equipped with WWW browser capability, a digital cam- 
era, a telephone, and a computer “all-in-one package,” 
pocket telemedicine could be conducted immediately on 
site and in real time when necessary. A world in which 
all health care providers and disaster relief workers carry 
PDA devices to send, receive, and selectively retrieve elec- 
tronic information can easily be envisioned. These data 
would be readily accessible from any place and at any 
time. Although personal communications services (PCS) 
are currently available to support PDA wireless communi- 
cations, satellite links to LEO-type satellite systems may 
provide the most reliable PCS in times of disaster. There- 
fore, in the midst of chaos, the field worker would have in 
hand a compact powerhouse linked to the world. 


Wearable Computing (Personal 
Imaging) 


The miniaturization of components has also enabled 
the development of personal computer systems that are 
wearable and nearly invisible so that individuals can 
move about and interact freely while supported by their 
personal information domain. Such systems allow hands- 
free operation, enhanced mobility, access to information, 
and shared visual experiences. The idea is not new. In 
1968, Sutherland described a head-mounted display with 
half-silvered mirrors that let the wearer see a virtual world 
superimposed on reality (45,46). However, his work, as 
well as subsequent work by others (47), entailed the 
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serious limitation of having to be tethered to a workstation 
that was powered from an electrical outlet. Since then, 
experiments have been conducted attaching a computer, 
radio equipment, and other devices to the body in a 
tetherless system that lets an individual roam an area and 
receive e-mail, and provides other capabilities commonly 
available on a desktop multimedia computer. 

Early prototypes for wearable, tetherless computer- 
mediated reality used video images sent to a remote 
supercomputing facility over a high-quality microwave 
communications link. The computing facility would send 
back the processed image over an ultra-high frequency 
communications link. New versions incorporate a modern 
commercial display product (head-mounted display) along 
with commercially available cellular communications. 
The overall goal is eventually to make this type of system 
nearly undetectable. An important feature of this wearable 
device is that it is equipped with a wireless Internet 
connection and camera input, making the transmission 
of a sequence of images to a WWW page possible and 
allowing the wearer to browse the page later. Other 
individuals, watching remotely, are able to see what the 
wearer sees and interact through messages (48). 

Two people equipped with wearable multimedia com- 
puters can stay in touch, sending data, voice, and video 
images to each other. Each person can see exactly what the 
other person sees overlaid on a portion of his or her own 
screen. A community of individuals wearing such comput- 
ers can also be networked. Individuals could occasionally 
receive an image from someone sending an important 
signal. For example, someone anticipating danger might 
trigger a distress signal to others nearby over the Internet. 

Although past prototypes have been cumbersome and 
even present prototypes remain somewhat obtrusive, min- 
iaturization efforts continue to progress, incorporating 
greater levels of functionality into smaller spaces; they may 
eventually disappear into clothing and eyeglasses (48,49). 

Entirely new modes of human-computer interaction 
can be expected to arise in the future with significant ap- 
plications to disaster management and medicine efforts. 
Wearable computing can incorporate the advantages of 
a PDA, but in an even more compact form that is truly 
hands-free, thereby allowing the worker to communicate 
or work while moving objects, helping disaster casualties, 
performing medical procedures, sharing visual perspec- 
tives with coworkers, and so on. This would be the ultimate 
wireless communications support system for the disaster 
responder. 


CONCLUSION 


In these extraordinary times of technological advances, 
the ability to break distance, intellect, time, and power 
limitations by fashioning technological tools to amplify 


and extend the reach of communication exists as never 
before. With this comes the ability and responsibility 
to assist one another in times of hardship and disaster 
(either locally or remotely) and to improve health and 
safety outcomes significantly. Technology will no doubt 
overcome many of the limiting factors present in disaster 
response today, with communications being one of them. 
The field of disaster medicine should acknowledge that 
it is in its best interest to use existing technologies to 
their fullest advantage while also keeping an open mind to 
understand and appropriately embrace new technologies 
as they become available. 
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Managing Disasters in Austere 


Environments 


James P. McClay, Kim Moore, and David E. Hogan 


Technology is dominated by two types of people: those 
who understand what they do not manage, and those 
who manage what they do not understand. 

Putt’s Law 


INTRODUCTION 


We practice modern technical medicine under the illu- 
sion of stability. The imaging, laboratory, and monitoring 
modalities we have come to depend upon are no more 
substantial than the next power outage. Recent natural 
disasters such as the Asian Tsunami of 2004 and Hurri- 
cane Katrina in North America during 2005 have made 
it evident that no matter the sophistication of medical 
infrastructure in a particular region, the loss of that 
infrastructure makes the practice of medicine problem- 
atic. Generator power has a finite life span, water supply 
and sanitation systems may be interrupted, communica- 
tion links fail, travel and supply routes are obstructed, 
and medical supplies and personnel are limited. Further 
complicating the situation is that during this austere en- 
vironment (AE) imposed by a disaster, hospitals are often 
inundated by casualties generated by the same condi- 
tions that disabled the medical infrastructure. Under these 
conditions, health care providers may find themselves as- 
suming new roles involving the care of casualties without 
the benefit of high levels of technology. This can present 
a serious impediment for health care practitioners, espe- 
cially those never having practiced in a low technology 
environment. Few of us actually get on a plane and head 
to an area such as Banda Aceh after a tsunami, so the 
concept of an AE seems remote. Unfortunately, this cir- 
cumstance is more common and closer to each of us than 
is readily apparent. 


Rapid Hospital Inundation 


Consider an example of how rapidly an AE may be 
imposed upon a health care facility. In the setting of 
a widespread natural disaster (hurricane, earthquake, 
etc.) even a relatively intact hospital will have conditions 
of austerity imposed. Add to this fact that there are 
thousands of nursing home patients in almost every 
metropolitan area. The arrival of even a fraction of these 
patients to the emergency department (ED) after their 
facility has been rendered uninhabitable, will have a 
profound impact on any facility. The patients present 
by emergency medical service (EMS), van, or private car, 
along with the usual casualties from the disaster. These 
chronically ill patients require substantial ongoing care 
and will rapidly consume significant portions of personnel, 
supplies, and medications that cannot be replaced for 
an extended period. Immediate identification of the 
crisis and proactive preservation of limited resources are 
imperative. 


Hospital Evacuations 


There were 275 hospital evacuations in the United 
States from 1971 to 1990. Half of these evacuations 
resulted from local events such as fires, internal or 
external hazardous materials exposure, or human threats. 
These events required the facility to be evacuated for 
a short period of time ranging from 2 to 12 hours. 
The remaining 50% of the evacuations resulted from 
widespread incidents such as floods, ice storms, wildfires, 
earthquakes, or hurricanes. These disasters produced 
longer evacuation intervals lasting days to months. Most 
importantly, these evacuations took place in a resource- 
constrained environment impacting the entire region. It 
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is the combination of such circumstances that makes 
medical care in the AE difficult to sustain. 


AUSTERE ENVIRONMENT 
PHILOSOPHY 


VVhen faced vvith an AE, the philosophical approach to 
the treatment of the casualty must change. One is no 
longer able to provide a sophisticated level of definitive 
evaluation and care. The focus must, rather be, on rapid 
triage, evaluation, stabilization, and prioritization for 
transportation to a higher level of care or allocation 
of resource as it is available. In some situations, relief 
supplies or even transportation may be days or weeks in 
coming. In such events, health care providers will be faced 
with monitoring and maintaining casualties for a variable 
period of time while awaiting such assistance. 

In this eventuality, health care providers will need to 
provide an acceptable minimal level of care (AMLC) to 
disaster casualties until resource arrives or conditions im- 
prove. Unfortunately, there are no good scientific studies 
on which to base protocols and procedures for provision 
of care under austere conditions. However, a review of 
examples of care provided under conditions of conflict 
and resource constraints makes some basic principles 
apparent. 


THE AUSTERE ENVIRONMENT 


AEs come in many types. Field management such as that 
performed in military medicine, wilderness medicine, ex- 
pedition medicine, and rural medicine (particularly in 
underdeveloped regions of the world) serve as examples 
of AEs. The sudden loss of technological support and in- 
frastructure is another type of imposed austerity that may 
occur associated with disasters. Just as little information 
is available in the literature to guide the clinician in the 
performance of resource-constrained (disaster) triage (see 
Chapter 2), little is found for guidance in the practice of 
casualty management under imposed conditions of aus- 
terity. Information gleaned from the practice of medicine 
in other AEs can serve to provide some philosophical and 
practical direction on which treatment protocols can be 
built. Faced with casualties under austere conditions, use 
of simple procedures and processes will assist in evalu- 
ation and stabilization of such casualties. In the setting 
of technological austerity, one must rely on the senses, 
observation, and physical examination to arrive at basic 
decisions. 


TRIAGE IN THE AUSTERE 
ENVIRONMENT 


Triage is the initial function of the medical elements of 
any disaster response. This should occur both in the field 


and at the level of the health care facility ED, as has been 
described in detail in Chapter 2. The functional triage 
criteria used at the entry point to the health care facility is 
hardly changed because of the imposition of an AE, with 
a few exceptions. Once casualties begin to arrive at the 
ED, they are distributed to various locations in the health 
care facility based on triage criteria. When it is clear that 
a casualty with injuries or other conditions would have 
been rapidly transferred out of the receiving facility on 
a “good day” (i.e., when conditions of austerity were not 
present), and it is suspected that transportation will not 
be available for a long period (24 hours or greater), one 
should consider that the casualty be triaged as expectant. 
Although a difficult decision emotionally, if such a casualty 
with a very low likelihood of survival consumes extensive 
resource that will not be replenished for a period of time, 
it then becomes likely that larger numbers of casualties 
will suffer and possibly die because of lack of resource 
consumed by this casualty. 


THE BASIC APPROACH TO AUSTERE 
CARE 


The steps in the management of casualties in an AE may 
be conceptualized much like the initial steps of emergency 
medicine and trauma casualty management. These steps 
are illustrated graphically in Fig. 15-1. Management starts 
with the primary survey, a rapid evaluation and coupled 
intervention of the vital systems of the casualty based on 
the mnemonic ABCDE (Airway, Breathing, Circulation, 
Disability, and Exposure). Immediate interventions are 
often applied to the casualty under the umbrella of the so- 
called “safety net.” Following this, a secondary survey is 
carried out consisting of a full screening evaluation—head 
to toe—of the casualty. Casualties are then selected for 
any treatment modality available under the imposed 
austere conditions. The casualties are categorized for 
monitoring and AMLC—usually based on their triage 
condition. Finally, the patients are further prioritized for 
transportation while being monitored and provided with 
available care until transportation to a higher level of care 
is available or care becomes available at their current 
location. 


ACCEPTABLE MINIMAL LEVEL OF CARE 


The definition of AMLC will vary with the individual 
situation associated with the disaster. It is assumed a priori 
that one is in an environment in which definitive care 
for the casualty’s condition is not available. Under such 
restrictions, provision of medical care must be directed by 
an overriding set of goals and objectives. 

The primary goal should be the removal of the casualty 
from the AE to a level of care able to provide definitive 
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Triage 


Primary survey —airvvay, breathing, circulation, disability, exposure 
“Safety net’— oxygen, monitor, IVs, labs, tubes, vitals, splints 


Prioritazation for treatment and transport 


management. This may be accomplished in two ways: 
(a) restoration of the local medical infrastructure such that 
definitive care becomes available, and (b) transportation of 
the casualty to a location where definitive care is available. 

Management objectives under AMLC should include 
the following: 


m Maintenance of stability of the casualty’s vital systems. 

m Prevention of further deterioration or injury. 

m Provision of therapeutic interventions to a casualty 
should be commensurate with the level of medical 
resources available and considered in the light of the 
needs of the total known population casualties (a liberal 
utilitarian approach based on medical analysis—see 
Chapter 2). 

m Monitoring of casualties should be regular and system- 
atic. 

m Reassessment and reprioritization of casualties for 
treatment and transport should be done on a periodic 
basis. 

m Compassion, reassurance, and analgesia should be a 
treatment priority. 


THE PRIMARY SURVEY 


The primary survey is performed rapidly, in an ABCDE 
manner, with identification and stabilization of life- 
threatening injuries and conditions, before moving to the 
next system. Resuscitative adjuncts such as vital signs and 
venous access can be done simultaneously if the personnel 
are available. After the primary survey, a more detailed 
secondary survey is performed to identify and stabilize less 
life-threatening injuries. The primary survey should be 


Acceptable minimal level of care—monitoring protocols 


FIGURE 15-1. Provision of medical 
care during imposed austere environ- 
mental conditions. 


repeated with any changes in the patients’ status; therefore 
frequent reassessment is the rule. 


A: Airway with C-Spine Control 


Airway evaluation is considered first and consists of eval- 
uating and treating airway obstruction while maintaining 
cervical spine control if such injury is a possibility. Air- 
ways are defined in this setting as patent, not patent, or 
maintainable. A patent airway is present if the casualty 
is without conditions obstructing the airway and is alert 
enough to maintain the airway. A nonpatent airway is 
present when the casualty has obstruction of the airway 
due to physiological or anatomical issues, or due to a 
decrease in the level of consciousness. A maintainable air- 
way is present when a casualty has the airway opened and 
maintained by measures such as a jaw lift or other simple 
maneuvers. 

If the airway is obstructed, jaw thrust or chin lift 
maneuvers may remedy the situation. An oral or nasopha- 
ryngeal airway may be of use in maintaining the airway for 
a short period, with continued monitoring during which 
other casualties may be tended to. A laryngeal mask airway 
(LMA) may be a temporizing measure if available, as it 
is a decidedly low-tech procedure and training personnel 
is relatively easy (1). Laryngeal masks, however, have not 
been studied in a mass casualty event. 

The so-called recovery position provides another method 
during a mass casualty incident to assist in temporar- 
ily maintaining a compromised airway. The casualty is 
placed in the left lateral recumbent position with the head 
angled slightly downward (the neck is not allowed to later- 
ally flex). This causes oral secretions (including emesis) to 
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drain out of the mouth, thereby being less likely to obstruct 
the airway. Rigid cervical collars should be maintained on 
casualties placed in this position if there is any suspicion 
of cervical spine injury. It may be advisable to insert a 
nasal airway under these conditions as it may be done 
rapidly and with little adverse stimulation to the casualty. 
Use and insertion of LMAs have been demonstrated to 
be effective in patients in the lateral position, but require 
more skill and experience to insert than in the supine 
position (2-5). Oral airways have also been used but are 
only effective in the unresponsive casualty without a gag 
reflex, and require some level of skill to insert properly. 
In addition, testing a casualty for a gag reflex may actu- 
ally trigger emesis at an inopportune time. Such poorly 
responsive casualties must have their airway addressed in 
a more permanent manner as soon as possible (Fig. 15-2). 
Historically, most casualties needing airway intervention 
under AE conditions will not survive. 

If these temporizing methods are unsuccessful, or if the 
casualty has an initial Glasgow Coma Scale (GCS) of 8 or 
less, a more definitive airway should be secured if time al- 
lows. Definitive airways include nasotracheal, orotracheal, 
and surgical airways. The method used depends upon the 
experience of the health care provider, the condition of 
the casualty, and the supplies at hand. Orotracheal intu- 
bation is preferred in trauma casualties with care taken 
to keep the cervical spine immobilized (6). A two-person 
technique, with one dedicated to maintaining spine sta- 
bilization, is ideal. Nasotracheal intubation requires that 
a casualty be moving at least some tidal volume of air in 
respiration, for the nasally inserted tube to be pulled into 
the trachea by the airflow. It is relatively contraindicated 
in severe facial trauma or basilar skull fracture although 
this point is controversial (7). However, nasal intubation 
may be a valuable low-tech adjunct in skilled hands. 

In the AE, overhead lighting may be poor and lighted 
laryngoscopes may not be available; in this setting, digital 
intubation may be an option (8). Digital intubation was 
successful 89% of the time in one out-of-hospital study (8). 


FIGURE 15-2. The recovery position for casualties with poten- 
tial airway compromise. Cervical spine immobilization may be 
maintained by a rigid cervical collar. 


It is performed with the operator at the head of the 
bed and to the patient’s right. The left index and middle 
finger are introduced and advanced until the tip of the 
epiglottis is palpated, usually 8 to 10 cm from the corner 
of the mouth. The tube is introduced between the patient's 
tongue and the operator's fingers, beneath the epiglottis, 
and gentle anterior pressure is used to guide the tube 
into the larynx (Fig. 15-3). Care must be taken to avoid 
aspiration and the provider risks human bite injury; hence 
this procedure is not usually possible for the awake or 
agitated patient (9). If these methods fail, the care provider 
may attempt a surgical airway, the discussion of which is 
beyond the scope of this chapter, but is detailed in many 
comprehensive emergency medicine texts. 

Cervical spine injury complicates 3% to 6% of trauma 
and in-line stabilization can reduce additional injury 
(6,10). In the AE, access to radiological services may be 
limited or absent, so clinical examination is paramount. 
The NEXUS group outlined low-risk groups in which cer- 
vical spine films may be omitted if all of the following are 
present: 


m No posterior midline cervical tenderness 
m No evidence of intoxication 

m Normal level of alertness 

m No focal neurological deficit 

m No painful distracting injuries (11). 


Patients who do not meet these criteria, or in whom 
cervical spine injury is suspected by mechanism or 
physical examination, should remain immobilized until 
radiographic and clinical evidence exclude such an injury. 
The injured patient may complain of local pain, weakness, 
paresthesias, or paralysis as clues to diagnosis. If semi- 
rigid cervical collars are used for immobilization, they 
reduce flexion and extension but allow rotation, and 
therefore addition of a physical barrier such as sandbags 
lateral to the collar is recommended (12). Care should be 
taken to avoid distraction of the cervical spine, which may 
worsen the injury (10). 
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FIGURE 15-3. Digital oraltracheal intubation method. Abbrevi- 
ation: ET, endotracheal tube. 
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B: Breathing 


Once an intact airvvay is established, ventilation must 
be assessed. Visual inspection of symmetrical chest rise, 
normal respiratory rate and quality, and a talking patient 
are clues to intact ventilation. The chest should be 
auscultated for asymmetrical breath sounds, palpated for 
crepitus, subcutaneous emphysema, or deformity, and 
inspected for evidence of trauma. The casualty should 
be evaluated for cyanosis or signs of air hunger such 
as agitation. If it is decided that a barrier to ventilation 
exists, the provider must rapidly diagnose and intervene. 
Common immediate life-threatening conditions in trauma 
casualties may be recalled by the mnemonic “ATOMIC” 
and include: 


m Aortic disruption 

m Tension pneumothorax 

m Open pneumothorax 

m Massive hemothorax 

m “Interrupted” ribs (flail chest) or interrupted tracheo- 
bronchial tree 

m Cardiac tamponade. 


Aortic disruption due to blunt trauma often causes 
immediate death of the casualty at the scene. Other 
casualties suffer a tear of the aorta or other great vessels 
and over a shorter period develop a dissection of a 
pseudoaneurysm. In almost half of the casualties with 
an aortic injury, no overt signs or symptoms of injury are 
initially noted (13). Physical examination may discover 
signs of chest wall trauma such as fractures of the upper 
ribs, sternum, scapula, or vertebra. The casualty may be 
hypotensive and/or have a differential in upper extremity 
blood pressure or a loss of peripheral pulses in the upper 
and/or lower extremities. Cardiac tamponade may be 
seen as well as diminished breath sounds or dullness 
to percussion from a massive hemothorax. The treatment 
is surgical with the result being that it is likely most 
casualties with aortic injury will not survive in an AE 
where surgical intervention is not possible. Minimization 
of anxiety, pain, and hypertension while also preventing 
hypotensive shock may temporize the casualty’s condition 
pending the availability of surgery. 

Tension pneumothorax was seen in 5.4% of trauma 
casualties in one study (14). Common physical clues in- 
clude obvious chest trauma, pain, respiratory distress, 
tachycardia, ipsilateral decreased breath sounds, hypoten- 
sion, tracheal deviation, and distended neck veins. This 
condition requires immediate needle decompression and 
subsequent chest tube placement usually in the fifth inter- 
costal space anterior to the midaxillary line. In the absence 
of underwater seal chest tube collection systems, a simple 
flutter valve may be created to provide a temporizing air 
drainage mechanism until a more appropriate method is 
available (Fig. 15-4). 
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FIGURE 15-4. Construction and placement of a crude flutter- 
valve arrangement to temporarily treat tension pneumothorax. 


Open pneumothorax or a “sucking chest wound” 
results from a chest wall breach that allows air to enter 
the chest wall with respiration. This should be clinically 
apparent with the chest wound and progressive respiratory 
distress. Treatment involves taping a dressing over the site 
on three sides, which acts as a flutter valve allowing air to 
escape but not enter the chest wall. After the casualty is 
stabilized, a chest tube is placed in the ipsilateral thorax 
at a remote site from the wound. 

Massive hemothorax results when 1,500 mL, or one- 
third of the patients’ blood volume is spilled into the chest 
cavity, usually from a penetrating wound to the systemic 
or hilar vessels. Examination clues to this injury are respi- 
ratory distress, hypoxia, hypotension, flat neck veins, and 
dullness to percussion or absent breath sounds on one 
side of the chest. If massive hemothorax is diagnosed, the 
treatment is a large bore chest tube (36-38 Fr) and op- 
erative thoracotomy. Volume resuscitation should occur 
simultaneously as large amounts of blood might be lost 
with chest tube placement; in an AE it would be of great 
importance to save this resource in an autotransfuser, if at 
all possible. Again if bleeding continues, surgical interven- 
tion is indicated. If not available in the AE, the casualty 
may become expectant. 

Flail chest occurs with two or more rib fractures oc- 
curring in two or more places, resulting in disruption of 
chest wall movement. This is often associated with severe 
underlying pulmonary contusion resulting in pulmonary 
edema, hypoxia, and respiratory distress. Palpation of 
rib fractures and crepitus may aid in the diagnosis. Pul- 
monary edema may appear hours after the injury, so 
frequent reassessment for respiratory distress is impor- 
tant. Management is with analgesia, judicious fluids, and 
supplemental oxygen if available. Those progressing to 
respiratory failure may require ventilatory support. This 
could theoretically be done in a power outage condition 
with bag-valve device operated by trained individuals (15). 
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In the AE, blood gas analysis and pulse oximetry might 
be unavailable, therefore ventilated patients should be ob- 
served for signs of hypercapnia or hypoxemia. In some 
instances, cyanosis appears in patients when oxygen satu- 
ration falls to 75% to 85%, but it is not sensitive or specific 
for hypoxemia. Signs of hypoxemia and hypercapnia are 
similar and nonspecific and include central nervous sys- 
tem (CNS) depression, agitation, headache, coma, and 
seizures. In a ventilated patient, such signs, if detected, 
should prompt one to evaluate for ventilation problems. 

Another concern in the AE is the need for ventilatory 
support for multiple patients in the context of power out- 
age. If backup power is unavailable or exhausted, the 
need for manual ventilation becomes implicit. A study us- 
ing experienced professional paramedics showed that at 
least for short periods, even nonintubated patients can be 
satisfactorily ventilated with bag-valve mask using 100% 
oxygen (14). Nurses (who are already trained to use bag- 
valve device for intubated casualties) can be trained to use 
a facemask or LMA with good results, but in disaster sit- 
uations, supplemental oxygen and experienced personnel 
may not be available (16). The opportunity exists for re- 
searching whether a cadre of nonmedical volunteers could 
be trained to effectively ventilate intubated patients in a 
contingency. 

Cardiac tamponade (CT) occurs after penetrating or 
blunt trauma causing the pericardium to fill with blood, 
resulting in the heart’s inability to refill and subsequent 
circulatory collapse. Signs of CT classically include discus- 
sion of Beck’s triad (muffled heart tones, jugular venous 
distention [JVD], and hypotension), although in trauma 
there are other causes of hypotension (bleeding), and JVD 
(tension pneumothorax). Pulseless electrical activity (PEA) 
on electrocardiogram (ECG) in the trauma patient in the 
absence of massive bleeding or tension pneumothorax sug- 
gests CT. Other signs include pulsus paradoxus, (a decrease 
of systolic blood pressure [SBP] >10 mm Hg with inspi- 
ration), and Kussmaul’s sign (a rise in venous pressure 
with inspiration and spontaneous breathing). Transtho- 
racic ultrasonography can be helpful in diagnosing this 
condition but may not be available in an AE. Immedi- 
ate treatment involves a subxyphoid pericardiocentesis. 
Aspirating small amounts of blood (15-20 mL) may im- 
prove hemodynamics dramatically when CT is present, 
and a catheter left in place in the pericardium can pre- 
vent recurrence. A small fluid bolus may increase venous 
pressure and transiently improve cardiac output, allowing 
time for treatment. Definitive care requires a thoracotomy 
with repair of the defect at a later time. 


C: Circulation with Hemorrhage Control 


Hypotension in a trauma casualty must be considered 
a hemorrhage until proved otherwise. Rapid assess- 
ment of circulation involves palpating central pulses for 


Fluid administration 


Trauma tubing 10 drops = 1 mL 
Macrotubing 10 drops = 1 mL 
Administration rate = drops over 15 sec x 4 = mL/hr 


Microdrip tubing 60 drops = 1 mL 
Administration rate = drops/min = mL/hr 


FIGURE 15-5. Fluid administration rates by associated drip 
rates in various intravenous setups. 


quality, rate, and regularity, and neck veins evaluated 
for distension. Irregular, absent, or rapid thready central 
pulses may be signs of impending cardiocirculatory col- 
lapse. Impaired cerebral perfusion may manifest as an 
altered level of consciousness. The skin should be evalu- 
ated for color, and temperature. Pale cool extremities may 
be a sign of inadequate perfusion. 

Active external bleeding should be controlled with 
direct manual pressure or dressings. Tourniquets should 
not be used because of viable tissue injury except in 
unusual circumstances such as limb amputation. Internal 
bleeding can also be a significant avenue for blood loss. 

In the initial resuscitation of the trauma patient it is 
recommended that at least two large bore peripheral IV 
sites are established. Poisewille’s Law governs laminar flow 
through a tube, when applied to resuscitation it states that 
shorter, large gauge catheters will allow more flow (17,18). 

After initial resuscitation, maintenance fluids should 
be used in persons unable to manage oral intake. If the 
AE infusion pumps are unavailable, the provider should 
be aware of some basic principles of gravity drip IV rates 
for maintenance fluids. IV tubing is rated by drips per cc, 
usually printed on the packaging but general methods for 
rate estimation are demonstrated in Fig. 15-5. 

The practice of estimating blood pressure by palpation 
of pulses may be helpful in an AE with the understanding 
that these methods generally overestimate the SBP and 
therefore underestimate hypovolemia (19). Estimates in 
adults include: 


m Carotid pulse 60 to 70 mm Hg 
m Carotid and femoral 70 to 80 mm Hg 
m Radial pulse greater than 80 mm Hg 


In the AE some ways to monitor ongoing resuscitation 
include urinary output and central venous pressure (CVP). 
A Foley catheter should be placed and output recorded, 
normal urine output in adults is 0.5 mL per hour, 1 mL per 
hour in children, and 2 mL per hour in infants younger 
than 1 year. 

Invasive monitoring might not be available; therefore 
estimates of jugular venous pressure (JVP) can be made on 
physical examination (20). The JVP and CVP are estimates 
of right atrial pressure. Changes in these values may reflect 
change in volume status during resuscitation. If the casu- 
alty’s JVP is falling this may indicate under-resuscitation 
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or continued bleeding. To estimate TVP, elevate the head 
of the bed to 30 degrees. Stand on the patient’s right and 
have him or her turn the head to the left. A light tangential 
to the neck will help you find the highest point of oscil- 
lation of the jugular pulsations, then take a measurement 
from the sternal angle to the highest point of pulsation. 
Normally pulsation is seen 3 to 4 cm above the sternal 
notch, lower levels from baseline may indicate the need 
for further resuscitation. 

Customary resuscitation fluids, usually normal saline 
(NS) or lactated Ringer’s (LR), may not be available or 
become limited in an AE. If fluid resuscitation is required, 
you will have to use what is available, by whatever 
available route. Recall that critically ill casualties will do 
better if they are maintained within the normoglycemic 
range. Caution should be exercised when administering 
glucose-containing solutions to such patients (21). It will 
be important to use oral hydration as much as possible. 
Intubated or obtunded patients can still be orally hydrated 
in some instances using an orogastric tube (see Chapter 31 
for an example). 


D: Disability 


A rapid screening neurological examination is performed 
at the end of the primary survey to establish: 


m Gross neurological function 
m Level of responsiveness 
m Papillary size and reactivity 


During the primary survey the severely injured casualty 
should remain fully spinally immobilized. A quick evalua- 
tion of motor function such as having the casualty gently 
move all extremities, and testing gross sensory function 
will give the examiner an indication of the need for further 
examination in the secondary survey. Lateralizing signs, 
or upper or lower neuron signs indicate neurological or 
vascular injury. A rapid evaluation of papillary size and 
reactivity may suggest intracranial pathology. 

The GCS is used as part of the trauma casualty evalua- 
tion in most trauma systems. It is based on evaluating the 
best responses to three functions: 


1. Eye opening 
2. Verbal response 
3. Motor response 


Scores range from 3 to 15 with less than 9 defining 
severe brain injury, 9 to 13 moderate, 14 to 15 is considered 
mild. A patient with a GCS of 8 or less will need airway 
protection as discussed previously. 

During the primary survey if a spinal injury is sus- 
pected, it is important to define the level of injury. 
Patients with high cervical cord injury (C-5 and above), 
will likely require ventilatory support. The C-5 nerve root 
supplies sensation to the deltoid region, so sensation to 


this region is important to ascertain. A more comprehen- 
sive neurological examination must be performed during 
the secondary survey. 


E: Exposure 


Casualties must be fully disrobed to evaluate for injury. 
Methods for clothing removal will differ among patients, 
but generally should be cut off to keep the patient for 
movement that may worsen a spine injury. At this point, 
the patient should be log-rolled to inspect the areas 
not accessible during the previous examination. Careful 
attention should be paid to the spine, which should be 
palpated for tenderness and inspected for deformity. If 
no thoracic or lumbar spine injury is suspected, it is 
important to remove the patient from the backboard as 
soon as possible to prevent decubitus ulceration. A digital 
rectal examination should be performed to evaluate for 
gross blood, as well as a prostate examination in men 
in whom abnormality may suggest a urethral injury. If 
urethral injury is suspected, a urinary catheter should not 
be placed without evaluation of the urethra. 

It will be important to avoid hypothermia in the 
casualty, which may be particularly challenging in the 
AE. Warm blankets, if available, should be used, and wet 
clothing must be removed. In the AE, body heat from a 
second person may present itself as the best option for 
casualty warming. 

Casualties needing intravenous fluids should have an 
intravenous line (14 to 18 gauge if possible) initiated. 
This should be attached to fluid (usually 0.9%—NS) with 
macro-drip tubing or blood tubing to allow for rapid fluid 
infusion if needed. Liberal use of saline-lock intravenous 
access should be used in most casualties even if it is 
initially unclear if they will need intravenous fluid or 
medications. It is always better to initiate IV access in a 
casualty when awake, stable, and cooperative than when 
in extremis. Estimated fluid rates based on drip rates 
(assuming that intravenous pumps are not available) are 
demonstrated in Fig. 15-5. 


SECONDARY SURVEY 


The secondary survey should begin as soon as the primary 
stabilization is complete. The patient should be assessed 
from head to toe, looking for injuries that need urgent 
treatment. It is at this point that ancillary studies such 
as x-ray, monitoring, laboratory studies, and ECG are 
customarily performed. In the AE, many of the services 
that were available before the disaster may be limited or 
unavailable; therefore a thorough physical examination 
may be your only chance to find serious injury. At any 
point if the patient should become unstable the primary 
survey should be repeated. 
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A quick history from the patient, family, or vvitnesses 
should be obtained. The AMPLE mnemonic can be used 
to quickly provide relevant information. 


Allergies 

Medications 

Past medical injury history/pregnancy 

Last meal 

Events surrounding the Injury/mechanism of injury. 


The physical examination should begin at the head and 
proceed in a caudal fashion. 


Head and Neck 


Search for lacerations and fractures. Closely inspect the 
eyes for damage, mobility, and remove contact lenses 
if present. Carefully palpate, auscultate, and inspect the 
neck. Blunt injury may damage the vascular structures 
leading to disruption or dissection in addition to bony in- 
jury. The clinician should be aware of the many structures 
in the neck that may be injured by penetrating trauma. 


Chest 


Care should be taken to inspect, palpate, and auscultate 
both the anterior and posterior chest. Any superficial in- 
jury should alert the provider that deeper structures might 
be injured. Subcutaneous emphysema, crepitance, contu- 
sions, deformation, or paradoxical chest wall movements 
with respiration may be noted. 


Abdomen 


In addition to a thorough examination, diagnostic peri- 
toneal lavage (DPL) might be more useful in the AE where 
imaging is not available (22). Positive findings include 
gross blood, or gastrointestinal contents, or greater than 
100,000 red blood cells/greater than 500 white blood cells 
per mL? on microscopic examination. Visual inspection 
of gross blood on a urine specimen would be suspicious 
for an injury in that system. Many abdominal injuries 
will require surgical referral as soon as it becomes avail- 
able. Serial examination may be the best available tool for 
evaluating intra-abdominal injury in the AE. 


Pelvis 


The pelvis should be gently compressed, then the iliac 
wings gently moved anterior and posterior to evaluate 
for stability. Visualization of a leg length discrepancy or 
ecchymosis over the pelvis or perineum may be clues to 
pelvic injury. If a serious fracture is suspected, the pelvis 
should be splinted with whatever is available to keep it 
immobile (i.e., bedsheet). Excess movement and repeated 
examinations may cause the fractured pelvis to continue to 


bleed. A vaginal examination should be performed as part 
of the secondary survey to exclude blood in the vagina and 
all women of childbearing age should receive a pregnancy 
test if available. 


Musculoskeletal 


Visualize and palpate the extremities for ecchymosis 
and deformity. Check neurological function and palpate 
pulses. Fractures should be reduced and splinted with 
available materials until definitive care can be obtained. 
External fixation may be the method of choice for frac- 
tures during an imposed AE and has been reported as 
satisfactory for penetrating injuries of lower extremities 
in combat conditions (23). In addition, infection rates for 
surgical procedures in AEs have been reported as equiva- 
lent to infection rates from fixed non-AE surgical settings 
even when no special requirements were employed in the 
AE setting (24). Casualties suffering from blast wounds 
to the musculoskeletal system have done well when early 
debridement, delayed closure, and broad-spectrum antibi- 
otics have been employed during care in an AE (25). 


Neurological 


Acomplete neurological examination should be performed 
including motor and sensory function. Reevaluate the 
patients’ level of consciousness and recheck the eyes. If 
intracranial pathology is suspected, elevate the head of the 
bed, and attempt to find definitive care. Providers should 
not perform evacuation of a suspected subdural or epidu- 
ral hematoma without specialized training in these areas. 

The care of the injured patient in the AE will be chal- 
lenging. The clinician will need to rely more on their 
experience, physical examination, and visual clues to un- 
cover injury. No matter the type or scale of disaster faced, 
the maximum benefit to the patient will come from the 
clinicians’ training and anticipation of the difficulties as- 
sociated with the AE. 


MONITORING PROTOCOLS 


Monitoring protocols are critical for the delivery of 
AMLC during an imposed AE. A monitoring protocol 
recommended by De Lorenzo for the tactical environment 
is easily adaptable to the AE and may serve as an example 
of protocols that may be applied (26). This revolves around 
cycles of evaluation of airway, breathing, and circulation, 
and mental status and is demonstrated in Fig.15-6. It is 
recommended in the tactical setting that this be repeated 
every 5 to 15 minutes. In the austere mass casualty setting, 
such monitoring evaluations may probably be performed 
at longer intervals of several hours depending on the 
condition of the casualty. Development of assessment and 
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Evaluate need for analgesia 


unresponsive (AVPU) 


FIGURE 15-6. Minimal monitoring parameters during austere 
environmental conditions. 


monitoring protocols as well as individual flow sheets for 
casualties as part of the overall disaster plan is highly 
recommended. 


HOSPITAL PLANNING 
FOR THE AUSTERE ENVIRONMENT 


When adequate lead time is given, hospitals often prepare 
for a pending disaster by discharging as many patients 
as possible. This lessens the patient load by distilling the 
patient acuity until only the sickest remain. Earthquakes, 
floods, tornadoes, and many other catastrophes offer 
little or no lead time at all. After such an event, a 
hospital with self-generated emergency power may be 
the only functioning facility for miles. The homebound, 
chronically ill, the nursing home patient, and those simply 
in need of medications or supplies will come seeking help. 
Recognizing early that the hospital will most likely become 
an “island of light” in a sea of darkness and that resupply 
and repair may be 2 to 7 days in coming is vital for planning 
considerations for the AE. Hospital disaster management 
plans are commonly directed at mass casualty events. They 
are not written with a region-wide or facility-damaging 
catastrophe in mind. As such, they rarely plan for the 


influx of these additional casualties of the disaster. These 
casualties will, however, have a substantial impact on the 
resources of the facility. 

Even with self power generation, elevators, plumbing, 
security, communications, medical monitoring, and envi- 
ronmental systems, all will eventually cease to function 
(usually in a relatively short interval). The power reserves 
of emergency lighting in the stairwells and flashlights will 
soon be consumed. Most of the common bedside devices 
used for laboratory testing or patient monitoring have a 
battery life of only 2 to 12 hours. Without power these 
devices and all the sophisticated monitoring equipment 
will become useless. Skilled health care providers may 
become the only functioning “monitoring systems” in very 
short order. 


Hospital Evacuation 


It is common for hospital executives and disaster plan- 
ners to assume that power or other critical components 
will be repaired in a short interval. This is not a valid 
assumption in large-scale disasters. The next logical con- 
sideration is usually evacuation of the entire facility. Such 
an undertaking should only be done with careful consid- 
eration and planning and after thorough evaluation of the 
literature on the subject. A total hospital evacuation is 
perilous, difficult, and usually unprecedented. Experience 
has demonstrated that evacuations of this nature usually 
result in a substantial risk to critical patients, and frequent 
injury to staff and patients alike (27-29). If total hospital 
evacuation is to be carried out under an imposed AE, it 
must be carefully planned, coordinated with regional re- 
sources, properly supplied, and based on current scientific 
justifications. 

Unfortunately, hospitals in this situation already have 
patients and have subsequently become so impaired or 
hazardous that evacuation is now necessary. How and 
whom to transfer first becomes the most difficult and 
most contentious issue faced by the disaster leadership 
team. Medical transportation capacity will be very limited 
for the first 72 hours (and perhaps longer) of the disaster. 
Rescue and emergency transport rather than evacuation 
transport will take priority during the initial phase of the 
disaster. Transferring critical patients to tertiary care will 
often have to wait for an extended period. In addition, the 
sophistication of the medical transport may be reduced 
during this period of time of imposed AE or there may be 
no medical transport at all. 

Ground transport might simply be a van or bus with 
no equipment during an AE. Air transport may be a 
military helicopter (again without medical equipment 
or personnel). There may be a temptation to send staff, 
oxygen, or other equipment with all patients transported 
under these conditions. It is imperative to recognize that 
any resource sent will no longer be available at the sending 
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facility and is not likely to return. Return transportation 
for staff or equipment will be a low priority as the flow of 
casualties will be out of the impacted zone of the disaster. 

Two examples illustrate the difference on function that 
an imposed AE can make. The evacuation of 400 patients 
from Memorial Hermann Hospital in Houston was ac- 
complished in approximately 31 hours after flooding in 
the basement and first floor (27,29,30). The facility was 
without power during this entire process. However, the 
flooding was localized, so local and regional medical re- 
sources were fully operational and able to accept patients 
in transfer. In addition, air and ground medical trans- 
portation were readily available. Many transfer patients 
were able to be accompanied by a Hermann nurse. This 
evacuation represented a local in-hospital disaster and not 
a regionally imposed AE. 

On the other end of the spectrum, the evacuation of 
200 patients and 1,200 staff members from Tulane Hos- 
pital in New Orleans after Hurricane Katrina, took more 
than 4 days and required the use of 20 privately con- 
tracted helicopters since flooding made ground transport 
impossible (28). This disaster was representative of a true 
imposed AE. Tulane Hospital received floodwater within 
the first and second floors after the levee breach. The hos- 
pital immediately lost all power except emergency reserve. 
They eventually lost those power reserves (due to gener- 
ator location in the flooded section of the facility). The 
hospital was left with no power, food, water, medicines, 
supplies, or virtually any operational services. By the end 
of this period of imposed AE, temperatures reached as 
high as 106°F (41°C) within the building. 

A widespread disaster impacts all community infras- 
tructures including public safety, roads, communications, 
and utilities. Medical transport may be impaired by the 
loss of capacity caused by damaged ambulances. The con- 
cept of AMLC has been discussed in conjunction with 
casualty care at the level of the hospital. AMLC is also 
a useful concept in the context of emergency transporta- 
tion during an imposed AE. Routine civilian transport 
may be the only available alternative and should be used 
whenever possible. Potential evacuation vehicles of vari- 
ous types can arrive at irregular intervals, often without 
notice. A priority listing of all patients should allow any 
available transport element to leave with an appropriate 
patient or group of patients. This requires that the patients 
be triaged for transportation by both acuity and the min- 
imum acceptable level of transport (MALTrans) required. 
All of this must be accomplished in the dark, without a 
computer, copier or phone system. 

Some physicians may want their patients moved first 
regardless of triage considerations. This issue requires 
medical and administrative decision making by a senior 
physician leader and may generate some level of conflict. 
The premise of most good must apply to all patients under 
the imposed AE conditions. A critical patient with a poor 


prognosis may have to wait while another only moderately 
injured patient with a better prognosis is transported on 
the only available medical helicopter. A list of patients 
in order of priority for each mode of transport should 
be compiled and updated regularly. These transportation 
and triage decisions (as with initial triage decisions—see 
Chapter 2) must be made on the best available medical 
principles without regard to social or financial consider- 
ations. A clinical executive should then oversee the list 
and assign transport as it becomes available. The list will 
change as both patient and facility conditions improve or 
deteriorate. The individual(s) making the transportation 
triage decisions must have the full support of the hospital 
administration and medical staff during this difficult time. 
Although their opinion must be up for discussion, their 
decisions must be final. 


Sheltering in Place 


Akin to the concept of sheltering in place, it may be 
preferable in many cases to secure all available resources 
and maintain a limited level of facility function in place, 
rather than instigate mobilization for a facility-wide 
evacuation. However, there is only a short window of 
opportunity to gain control of the limited resources and 
such activities must be planned in advance. Water is a 
prime example of a consumable resource that should be 
sequestered. Without electrical power, the pumps used to 
fill water towers that maintain line pressure by gravity will 
soon empty. This takes place very rapidly where ground 
disruption breaks water mains. Early in a disaster-warning 
phase, or during the event itself, water can be captured and 
stored from the municipal system. Once this opportunity 
is lost, outside supply is the only choice. Water hauling 
will be a low priority for the rescue focused emergency 
transportation system. 

The same is true for oxygen supplies. Oxygen use 
within the hospital during and imposed AE should become 
restricted to only those patients with clear evidence of 
hypoxia. 

Within the AE, food supply and variety can become 
limited. The staff may function satisfactorily, if miserably, 
with Meals Ready to Eat (MRE) or peanut butter but many 
of the patients will not. Early enteral feedings of trauma 
casualties in combat conditions using pureed elements of 
available foodstuff have been reported as successful and as 
an alternative to commercial enteral feeding formulas (31). 
This included a puree of some of the elements of the MRE. 

The rapid appraisal of resources and inventories is 
essential under an imposed AE. Allocation decisions must 
then be consistently implemented on the basis of medical 
and executive judgments that allow limited resources to 
be used where they will do the most good. Teams may 
be sent to secure pharmaceuticals and other medical 
supplies from local providers in the early phase of the 
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event. Personnel issues such as provision of support 
for families, food, security, and quarters are essential if 
sufficient personnel are to be retained in the AE to provide 
ongoing patient care (see Chapter 10). Each disaster will 
be unique but the problems faced will often be similar. 


SUMMARY 


Highly trained people will be the single most critical asset 
during conditions of an imposed AE. Planning and train- 
ing programs for the conditions imposed during such 
an event will improve casualty survival and patient care 
immeasurably. Clear protocols regarding triage, the provi- 
sion of AMLC, monitoring, and transportation must be in 
place and available before the event. The use of alternative 
equipment and supplies can address some issues, but each 
facility must be prepared for the eventuality of total system 
failure. Clever people can “MacGyver” (improvise) things 
as some of the examples from Toulane Hospital during 
Hurricane Katrina indicate (28) (they used personal dig- 
ital assistants [PDAs] as light sources, defibrillators as 
cardiac monitors, IV infusions using only microdrip sets 
for rates, and large capacity syringes as suction devices). 
However even with the best people, the AE is physically 
and mentally challenging. Only facilities with a true com- 
mitment to their employees, patients, and physicians who 
undertake comprehensive planning will be successful un- 
der these circumstances. The ability to rapidly recognize 
the crisis and then make the hard decisions required based 
on the best available evidence marks those facilities that 
will perform admirably. 
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Earthquakes are probably the most costly of all natural 
disasters, both in terms of the lives lost and the property 
destroyed (Table 16-1) (1). They strike without any warn- 
ing, making mitigation efforts difficult and evacuation 
impossible. Most other natural disasters capable of inflict- 
ing this level of suffering are predictable (e.g., tsunamis 
after earthquakes, floods) or detectable (e.g., hurricanes, 
typhoons); or they frequently give warnings before they 
occur (e.g., volcanic eruptions). The Northridge, Califor- 
nia, earthquake caused an estimated $20 to 30 billion 
in damage (2,3), whereas the Hanshin-Awaji temblor in 
Kobe, Japan, produced at least twice that amount in dam- 
age and killed more than 6,000 people (4). These events 
occurred in wealthy nations with relatively modern seis- 
mic building codes. In countries less fortunate, the death 
toll can be staggering. For instance, the 1976 Tangshan 
earthquake in China caused 250,000 deaths. 

The current theory describing the origin of earthquakes 
relies on the geology of the earth’s crust. Rather than 


) TABLE 16-1 Earthquake Mortality 


Location Year Death Toll 
Italy 1908 75,000 
China 1920 200,000 
Japan 1923 143,000 
USSR 1948 100,000 
Peru 1970 70,000 
China 1976 250,000 
İran 1990 40,000 


Abbreviation: USSR, Union of Soviet Socialist Republics. 


consisting of a smooth sheet covering the planet, the 
earth’s crust is fragmented into several large sections 
known as tectonic plates. Major faults occur where these 
plates meet. The San Andreas Fault in California is lo- 
cated at the juncture at which the North American Plate 
contacts the Pacific Plate. As these plates slowly move 
against each other along fault lines, they generate increas- 
ing levels of stress. When a stress point ruptures, energy 
is suddenly released in the form of seismic waves, result- 
ing in an earthquake. Three types of seismic waves exist, 
but the slower moving secondary wave causes the greatest 
impact. The energy released by the Northridge temblor 
(magnitude, 6.7) was slightly less than that produced over 
4 months by the Niagara Falls (5). Surrounding the major 
faults are numerous smaller cracks in the crust, or mi- 
nor faults. These can also give rise to seismic events, as 
happened in California’s 1989 Loma Prieta and the 1987 
Whittier Narrows earthquakes. Still, the explanation for 
earthquakes is incomplete. The tectonic plate theory is 
attractive for many reasons, but it does not adequately 
explain all seismic phenomena such as the significant ac- 
tivity found in the New Madrid zone in the central United 
States. Large earthquakes have occurred there, more than 
1,000 miles away from the nearest plate boundary. 

The medical challenge posed by earthquakes can be ex- 
treme. The potential to reduce significant initial mortality 
is limited to roughly the first 24 to 48 hours (6). Yet, pre- 
cisely during this time, the greatest degree of chaos exists. 
Movement in and out of the disaster zone is difficult, and 
accurate information is scarce. By the time outside medi- 
cal care arrives in force, most victims have either received 
intervention or are dead. Hospitals are the traditional 
providers of medical care after earthquakes, and they 
are frequently overwhelmed with patients. Unfortunately, 
they are also vulnerable to structural and nonstructural 
damage, which further compromises their ability to pro- 
vide medical care. Eight hospitals were so badly damaged 
in the Northridge earthquake that they were forced to evac- 
uate patients (7). Six hospitals had to evacuate their entire 
patient population and four institutions were ultimately 
condemned. In addition, hospitals usually function at full 
capacity. Even if they survive a temblor intact, they have 
limited reserve to accept additional patients. No excess or 
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“surge” capacity exists. For these reasons, hospitals alone 
cannot meet the entire demand for medical assistance. 
The solution to providing an effective medical response 
to earthquakes is optimizing the use of all available re- 
sources. Major challenges to planners and responders in 
this regard include : (a) ways to modify initial responses 
at the prehospital and hospital level, (b) knowledge of 
the available local options to supplement acute hospital 
care, (c) clinical conditions that will exist and increase in 
frequency, placing unusual demands on the health care 
system, and (d) reasonable expectations for outside assis- 
tance. By understanding these issues, health care providers 
can maximize the outcome from medical intervention. 
However, one caveat does exist—most of the material in 
this chapter applies to industrialized nations with signif- 
icant resources. Less affluent countries can still use this 
information, but they will have to tailor it to their needs. 


PREHOSPITAL IMPACT 


The initial medical response immediately following an 
earthquake will probably be by paramedics answering 
911 calls or reporting to a scene of structural damage. 
In systems not using paramedics, the first responders are 
police, fire, or ambulance services. Citizens who survive 
the temblor are also involved and may already be engaged 
in initial search and rescue activities when traditional 
“first responders” arrive. A varying period of confusion 
follows, depending on factors such as the magnitude of 
the earthquake, the time of day, the degree to which 
communications are compromised, and the training and 
experience of the prehospital providers. Once information 
clearly shows that the demand for resources may exceed 
what is seen under the standard operating procedures, 
establishing a system of command and control becomes 
key to effective management. 

Events producing few casualties and slight damage 
may require nothing more than activating previously es- 
tablished mass casualty incident (MCI) protocols. Triage 
occurs, but it plays a minor role because medical care 
is not limited. Health care providers frequently perform 
triage using a system similar to the Simple Triage and 
Rapid Treatment (START) protocol (6,8). Hospital con- 
tact is possible, so first responders can communicate their 
patients’ conditions to the emergency departments (EDs). 
The Emergency Operations Center (EOC) may activate, 
but it can manage the event only with existing resources. 
An example of this type of event is the 1987 Whittier 
Narrows earthquake, which resulted in eight fatalities and 
$500 million in damage. 

Earthquakes of large magnitude causing many casu- 
alties and heavy damage are quite different. The ini- 
tial medical response may be delayed as prehospital 
providers struggle to prioritize conflicting missions. Many 


paramedics are also firefighters. In situations where fires 
break out immediately after an earthquake, their first 
duty is fire suppression. If all available fire departments 
are needed to fight fires, the paramedic calls will not be 
answered. For this reason, sections of the city of San 
Francisco went without paramedic support in the early 
hours following the Loma Prieta earthquake (9). Man- 
agement of these complex prehospital situations requires 
a sophisticated strategy such as the Incident Command 
System (ICS). 

ICS was first developed by fire departments in Califor- 
nia to coordinate all the resources used in fighting large 
brush fires. Many organizations throughout the United 
States are now familiar with this system. It provides a stan- 
dardized system of command and control that is flexible 
enough to manage many different events involving multi- 
agency and multijurisdictional responders. It is extremely 
useful for managing the unique and chaotic situations 
arising after an earthquake. A detailed explanation of ICS 
can be found in Chapter 11 (10). 

Once the prehospital response begins, different para- 
digms are used. The potential exists for the medical needs 
of victims to exceed the available resources. Therefore, 
triage becomes very important in casualty management 
(see Chapter 2). Using a system such as START, providers 
can begin the process of prioritizing treatment. Moribund 
victims with agonal respirations or cardiac arrest do not 
receive care. The remaining victims are transported in the 
order established by their triage category. Although little 
data exist supporting the efficacy of START triage, a recent 
study examining the sensitivity and specificity of START 
in trauma patients concluded that the methodology could 
accurately sort these patients (11). 

In an earthquake of this magnitude, communication 
will be severely limited or nonexistent. Hospital notifica- 
tion before arrival is, therefore, generally not an option. 
Patients are simply transported to the nearest hospital. 
With the passage of time and the establishment of an EOC 
and some form of ICS, prehospital providers begin receiv- 
ing information on the status of surrounding hospitals. 
They can then exercise some discretion in selecting the 
hospitals to receive patients. 

The transportation of victims can be problematic. Im- 
mediately following an earthquake, significant damage 
occurs to roads, traffic control devices, and street lighting. 
Seriously ill survivors who require vehicle transportation 
to reach medical care will experience delays until respon- 
ders identify safe and passable routes to hospitals. The 
early use of police or National Guard members to con- 
trol important transportation corridors can improve this 
situation. 

Many individuals will not wait for the arrival of 
paramedics or other providers. Family and friends will 
drive many victims to the hospital themselves, conditions 
permitting. This contributes to the all too familiar 
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convergence or geographical effect (the tendency of 
patients to go to the nearest hospital, overwhelming it 
and ignoring hospitals just a few miles away). Although 
this phenomenon is undesirable, it is virtually impossible 
to prevent in the first few hours after an earthquake. 

The loss of communication systems is inevitable, and 
it hampers all aspects of the medical response, including 
the direction and coordination of emergency medical ser- 
vice (EMS) activities. Paramedic radios frequently rely on 
repeaters to transmit radio signals to the dispatcher or 
base station. These repeaters can fail making contact with 
paramedics in the field difficult. Cellular telephones can 
supplement the use of radios, but they also have limita- 
tions. One intriguing possibility is the use of ambulance 
radios. Unfortunately, ambulances from different jurisdic- 
tions do not use the same frequencies, so communication 
between a central coordinating body, such as the EOC, 
and the units in the field is unreliable. Authorities in San 
Francisco encountered these types of problems in the after- 
math of the Loma Prieta earthquake (9). Therefore, estab- 
lishing a universally recognized disaster frequency would 
make a significant contribution toward improving com- 
munications after an earthquake. Participation by ham 
radio operators is an additional avenue for communica- 
tion. Many jurisdictions include such individuals in their 
disaster plans. 

The problem of urban search and rescue (USAR) after 
a seismic event is particularly vexing. Most morbidity 
and mortality associated with earthquakes results from 
building collapse (1). Victims who survive the initial event 
but who are trapped in a collapsed structure die rapidly if 
they are not quickly extricated. Data from the earthquakes 
in Tangshan, China, (1976); Campania-Irpinia, Italy 
(1980); and Armenia (1988) demonstrated that 85% to 95% 
of those who survived entrapment in collapsed buildings 
were rescued in the first 24 hours (6). In the Italian study, 
95% of those who died expired before extrication (12). 
When Dr. Peter Safar reviewed these data, he concluded 
that 25% to 50% of the injured who died slowly could 
have been saved if they had received immediate medical 
care (13). The unfortunate implication of these data is that 
most trapped victims will die if they are not extricated 
within the first 24 hours. A significant improvement in 
survival could be achieved if sophisticated USAR teams 
arrived during this period. Unfortunately, a team takes 
approximately 24 hours to deploy and begin search and 
rescue activities. In the Northridge earthquake, 19 hours 
passed before the Riverside USAR team began operations 
at the Northridge Meadows Apartments. In the Oklahoma 
City bombing, state rescue personnel extricated the last 
survivor approximately 14 hours after the explosion (14). 
Not even one victim was evacuated alive from the damaged 
building by out-of-state USAR teams. The first United 
States USAR team took 48 hours to begin operations in 
Turkey after the 1999 earthquake (15). Although USAR 


teams are successful in recovering live victims, most 
survivors appear to be extricated by early local search 
and rescue activity. 


HOSPITAL IMPACT 


Hospitals remain the initial medical provider of choice 
for victims of large seismic events. Therefore, institutional 
disaster plans must simultaneously prepare hospitals to 
evaluate their functional status and to receive casualties. 
Unfortunately, no clear criteria are available for assisting 
hospitals in making evaluation decisions. Nonetheless, a 
rapid assessment of an institution’s functional integrity 
by hospital personnel is critical. Additional guidance for 
this assessment can be obtained from documents such 
as Applied Technology Council (ATC)-20 and ATC-20-2, 
which were developed with the support of Federal Emer- 
gency Management Agency (FEMA), the National Science 
Foundation, and the State of California Office of Emer- 
gency Services and Office of Statewide Health Planning 
and Development (16,17). Facility closure and evacuation 
are mandated by the identification of significant structural 
damage (e.g., “X” cracks and partially collapsed buildings) 
or an environment that is so compromised by nonstruc- 
tural damage (e.g., severe water damage, loss of all life 
safety systems, human waste in patient care areas) that 
patient safety is at risk. 

Little data are available regarding hospital evacuation 
after an earthquake. A common scenario calls for man- 
agement of this event by the EOC. Although this can be 
effective if time is not critical and communications are 
intact, it may be difficult under existing conditions after a 
large temblor. Data from the Northridge earthquake sug- 
gest that hospitals can successfully evacuate patients in- 
dependent of EOC coordination if mutual aid agreements 
with other hospitals are already in place (7). However, 
coordination with the EOC is desirable if possible. 

Making firm recommendations regarding the actual 
evacuation process is difficult, but information from the 
hospital evacuations after Northridge may be helpful. 
When time is not a factor, the strategy of evacuating 
the sickest patients first appears to work best. These indi- 
viduals require extensive resources, and therefore they are 
difficult to manage immediately after a large earthquake. 
Reducing the burden on the hospital enables the staff to 
provide better care to the more stable patients who remain, 
and to concentrate on victims arriving from the field. When 
time is critical, the opposite strategy of evacuating the 
healthiest patients first may be best. This situation occurs 
when personnel believe that hospital structural collapse 
is imminent. This plan permits the staff to evacuate the 
greatest number of patients in the least amount of time. 

The actual techniques for moving patients vary, but, in 
general, the simpler they are, the better. After Northridge, 
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many special devices such as slides or stair chairs 
functioned poorly, and they were abandoned. The method 
of choice is to carry the patients using backboards or just 
blankets. In one hospital, the cloth litters purchased for 
hospital evacuation had not been used in years and had to 
be discarded because the material had rotted. 

Evacuation routes should not involve elevators. They 
usually shut down after an earthquake because they are 
damaged or because the earthquake switches trip. In 
either case, the elevators cannot be used until they have 
been inspected. Stairwells should be used for vertical 
evacuations. 

If the institution is considered capable of providing 
patient care, then all personnel must prepare for the arrival 
of victims. This usually involves the activation of a code 
triage or of the external disaster plan. Effective command 
and control of the facility's response requires hospital 
administration to implement a flexible management 
system that is not dependent on the presence of any 
specific individual. A proposed model that many hospitals 
use is called the hospital emergency incident command 
system (HEICS). It is similar in principle to ICS, but is 
designed for use in medical institutions. HEICS has been 
used successfully in a number of disasters, including the 
Northridge earthquake and Hurricane Andrew in Florida. 
A detailed review of HEICS is available elsewhere (18). 

After establishing a command post and implementing 
a system such as HEICS, the initial concerns of hospital 
administration include personnel, communications, and 
resources. Like the general population, hospital staff rely 
on telephones as their primary method of communication. 
Standard telephones will fail because of physical disrup- 
tion or oversaturation. Alternate communication methods 
may be used if they are still functional. Alternate com- 
munication methods may include cellular telephones, fax 
machines, pay telephones, the Internet/e-mail, alphanu- 
merical pagers, ham radio systems, and portable two-way 
radios. Because telephones do not function, hospital per- 
sonnel at home cannot be notified to report to work. 
Therefore, an automatic system is needed. An existing 
policy should state that hospital staff should report to 
work in the event of a large earthquake unless they are 
notified to remain at home. With respect to maintaining 
the flow of medical goods, notifying suppliers of a sudden 
increase in demand may be difficult if communication is 
disrupted. Therefore, an agreement that requires suppliers 
to deliver a predetermined amount of equipment and ma- 
terial in the event of an earthquake should be negotiated 
in advance. 

Some individuals have questioned whether hospital 
employees would remain on duty or if they would instead 
abandon their positions to return to their home and 
check on family. While this probably occurs to some 
extent, it did not play a significant role in Northridge, 
nor does any evidence support this concern in general. 


Most staff remained on duty until they were relieved 
by other workers. In addition, most workers who did 
not immediately report to the hospital cited problems 
with communication and transportation as the reasons. 
This is consistent with other studies documenting the 
volunteer tradition of most United States citizens during 
times of disaster. Disaster planners should assume that 
most hospital staff would continue working. 

If the hospital is located within an area of moderate- 
to-extensive damage, some form of convergent behavior 
due to the geographical effect is likely. Therefore, the ED 
should prepare for an influx of victims. Utilization of all 
available space, even areas not designed for patient care, 
such as auditoriums and parking lots, is important. In both 
the Lorna Prieta and Northridge earthquakes, parking lots 
provided safe areas for patient care when the indoor space 
was compromised by structural or nonstructural damage. 

In an attempt to get an early estimate of potential pa- 
tient volume, information on the status of surrounding 
hospitals is valuable. If other hospitals in the area are 
damaged or are in the process of evacuation, the burden 
on remaining facilities will increase. Functioning hospi- 
tals can then expect an increase in ED volume above that 
which is already anticipated, as well as requests to accept 
patients in transfer from the damaged institutions. A wire- 
less computer-driven hospital communication system can 
provide this type of information. Although these systems 
are not impervious to damage, they do have the potential to 
give surviving hospitals a rapid crude estimate of the num- 
ber of functioning facilities. This is especially important 
in light of the fact that nursing homes are more vulnerable 
to earthquake damage than hospitals, and therefore they 
usually transfer their patients to EDs during disasters. 

The first wave of patients usually arrives within 15 
to 30 minutes of the earthquake. They generally drive 
themselves to the hospital, presenting with minor injuries 
and lacerations. Triage becomes a critical issue for ED 
in the management of these patients. Because most 
patients do not have life-threatening or limb-threatening 
conditions, they should be quickly evaluated and placed in 
an observation area. Emergency physicians must resist the 
temptation to treat this group to avoid the consumption 
of potentially limited resources. Treatment of conditions 
such as uncomplicated lacerations and fractures can 
be postponed until the ED staff has a better estimate 
of the overall demand for medical care. Because of 
the risk of missed foreign bodies and wound infection 
in this chaotic environment, some individuals have 
suggested that wounds should not be closed primarily. 
They recommend either letting them heal by second 
intention or using delayed primary closure. Insufficient 
evidence exists to make a recommendation at this time. 

After some delay, victims with more serious prob- 
lems begin arriving. These individuals are generally trans- 
ported by paramedics or ambulances, and they suffer from 
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medical conditions as well as injuries. Reasons for delayed 
arrival include the time lost during extrication and the crit- 
ical condition of the patients, which makes transport by 
lay individuals difficult. This patient group provides the 
greatest challenge to the ED strategy for overall casualty 
management. Depending on the scenario, the number and 
acuity of patients presenting for care may possibly over- 
whelm the ED’s resources for providing that care. Triage 
decisions must now focus not only on prioritizing patients 
for medical intervention but also, more importantly, on 
which patients should receive care at all. This situation 
has never happened in the United States, so a generally 
accepted algorithm guiding physician’s judgment does not 
exist. START triage provides guidance for selecting the or- 
der in which patients receive care, but not for deciding 
which patients should be denied care and allowed to ex- 
pire (except for the extreme of cardiopulmonary arrest). A 
proposed algorithm, the Secondary Assessment of Victim 
Endpoint (SAVE), holds promise. 

The SAVE triage algorithm was designed specifically 
for the mass casualty situation following a large seismic 
event. It postulates an admittedly arbitrary but reasonable 
axiom that, given the available resources, no person with 
less than a 50% chance of survival should be treated. 
On the basis of this assumption, the SAVE system creates 
specific triage pathways driven by outcome. Adult patients 
with head injuries with a Glasgow Coma Score (GCS) of 
8 or more have at least a 50% chance for a normal or 
near-normal recovery, and therefore these patients should 
receive care. Those with a GCS of 7 or less should not be 
treated. Patients with burns can also be stratified based on 
age greater than 60, the presence of an inhalation injury, 
and a total body surface area burn greater than 40%. 
Any patient with these three markers has a mortality of 
50% or more, and should therefore receive comfort care 
only. A detailed discussion of SAVE triage can be found 
elsewhere (19). 

Although still a work in progress, SAVE triage or some- 
thing like it has the potential for improving medical judg- 
ment under stressful conditions and optimizing resource 
utilization. Areas for future development include the use 
of ultrasound to stratify patients with blunt abdominal 
trauma. Ultrasound machines have become truly portable 
(battery-powered handheld devices are now in the market), 
and these will function after an earthquake. These devices 
could improve the triage of patients with blunt abdominal 
injuries through the use of methods such as the focused 
abdominal sonography for trauma (FAST) examination. 


NEED FOR OTHER SOURCES 
OF MEDICAL CARE 


Despite an improvement in the seismic durability of 
hospitals, they remain vulnerable to structural and 


nonstructural failure after large temblors. The Northridge 
earthquake effectively illustrates the problem. Eight hos- 
pitals in the Los Angeles area sustained enough damage 
to force the evacuation of at least one patient. Four insti- 
tutions completely evacuated their facilities in the first 24 
hours, including two hospitals that met the current earth- 
quake construction codes (7). Further structural damage, 
identified later, forced two additional hospitals to evac- 
uate completely in the next 2 weeks. Ultimately, four 
of these hospitals were permanently closed and sched- 
uled for demolition. In the aftermath of the Northridge 
earthquake, the California Seismic Safety Commission is- 
sued a report to the governor discussing the reduction of 
seismic risk through retrofitting. Unfortunately, the com- 
mission concluded that the occurrence of a catastrophic 
earthquake before California could reduce its seismic risk 
through this approach was a significant possibility (20). 
Further complicating the retrofitting strategy was the 
unexpected discovery of failed welds in steel-frame build- 
ings (21). Many modern hospitals constructed to resist 
earthquake damage share this design flaw. Engineers in- 
correctly believed that this type of construction could 
tolerate earthquake forces. 

Clearly, hospitals cannot meet the entire demand for 
medical care. High magnitude earthquakes produce large 
casualty numbers. Many victims with serious but treatable 
injuries will die if they are not treated in the first 24 to 48 
hours. If every hospital remained operational, the number 
of patients requiring hospitalization would exceed the 
number of beds. Yet, many hospitals will be rendered 
partially or completely nonfunctional. A 1981 study by the 
United States Geological Survey estimated that 25% of 
all hospital beds in the Los Angeles metropolitan region 
would be unavailable because of earthquake damage (22). 
If hospitals are damaged and no backup plan exists, 
immediate advanced medical care will not be available, 
and many people will die. 

Therefore, an alternate source of medical care is nec- 
essary to reduce early earthquake mortality. The Japanese 
came to the same conclusion after a review of data from 
the Hanshin-Awaji earthquake (23,24). Special medical 
teams, such as disaster medical assistance teams (DMATs), 
are a potential source of acute medical care and are a 
valuable resource. However, DMATs may not significantly 
impact acute survival if they arrive more than 48 hours 
after the earthquake. Most data to date suggest that de- 
ploying the large number of DMATs that are necessary 
after a high magnitude temblor will require at least this 
much time (25). 

The use of local health care providers represents a 
solution to this dilemma. Because they are at or near the 
disaster site as soon as the event occurs, they can respond 
within hours. The most advanced model of this local 
medical response concept is the medical disaster response 
(MDR) project. MDR, which was developed by emergency 
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physicians in southern California, has the following two 
components: (a) the training of medical personnel in the 
management of disaster victims under austere conditions 
and (b) the placement of sophisticated medical supplies 
at predesignated sites within the community. Under this 
plan, victims could receive rapid advanced medical care 
from surviving volunteer health care providers even if 
hospitals were destroyed. A detailed discussion of the 
MDR project can be found in other publications (6,26). 


EARTHQUAKE-RELATED 
MEDICAL ISSUES 


Most patients requesting acute medical care after earth- 
quakes suffer from lacerations, contusions, and simple 
fractures. Management of such cases is not difficult. How- 
ever, a significant number of victims will present with 
more challenging conditions; some of these deserve spe- 
cial mention. The first group consists of individuals with 
common illnesses that are exacerbated by large seismic 
events. EDs will experience an increase in patients with 
these diagnoses. Examples include chronic obstructive 
pulmonary disease, myocardial infarctions, and possibly 
childbirth. The second group includes those with con- 
ditions or issues more unique to earthquakes, such as 
crush injury, the need to use ketamine, and indications 
for hypertonic saline treatment. 

Not surprisingly, the number of patients with pul- 
monary complaints increases after seismic events. Col- 
lapsing structures fill the air with dust, as do early search 
and rescue activity. This dust poses an immediate threat 
to trapped victims. It can result in early mortality caused 
by airway obstruction or asphyxiation or delayed mor- 
tality from dust-induced pulmonary edema (1). Survivors 
with chronic lung ailments will also suffer from the dust 
exposure and will subsequently experience an increase in 
symptoms. 

The number of patients who present with cardiac 
complaints is somewhat unexpected. An increase in the 
number of patients presenting with problems related to 
cardiovascular disease, including myocardial infarction 
and cardiac arrest, also appears to occur after an 
earthquake. A 50% increase in cardiac deaths was reported 
in the first 3 days following the 1981 Athens temblor (27, 
28). Data from the Northridge earthquake further support 
this phenomenon and suggest that it may be secondary 
to psychological stress, which precipitates the ischemic 
event, not to an increase in physical exertion (29). The 
incidence of sudden death actually decreased in the 6 
days following the Northridge earthquake, suggesting that 
those who died immediately after the earthquake were 
predisposed to cardiac events. EDs should be aware of 
the increased incidence of these medical conditions and 
should be prepared to treat them. 


Crush injury with associated crush syndrome and 
compartment syndrome is frequently found in victims 
of large-scale earthquakes. Standard therapy for crush 
syndrome includes vigorous intravenous (IV) hydration, 
sometimes as much as 12 L per day; bicarbonate; cardiac 
monitoring; and possible dialysis. However, in the first 
24 to 48 hours following such an event IV fluids will be 
scarce and the standard therapy cannot be administered. 
Under these austere circumstances, prevention may be 
the only alternative to the otherwise inevitable morbidity 
and mortality resulting from untreated crush syndrome. 
Prevention is accomplished using amputation and/or 
fasciotomy. 

After a crush injury with elevated compartment pres- 
sures, muscle tissue can remain viable for approximately 
2 to 3 hours (30). A fasciotomy performed within this 
time frame may save the extremity and prevent crush syn- 
drome. The double incision technique for decompressing 
the lower leg is probably the best. Use of a simple device 
consisting of IV tubing, a needle, and a manometer or 
a commercially available device can augment the clini- 
cal assessment of compartment pressures in difficult or 
confusing cases. After 4 hours, the risk that dead muscle 
is present increases. A fasciotomy executed at this point 
may expose nonviable muscle to the environment, thereby 
resulting in sepsis and death; therefore, it should not 
be attempted. Instead, amputation should be considered. 
Clearly, the availability of IV fluids and estimated time to 
definitive care will affect this decision. 

Amputations may also be necessary to extricate victims 
from rubble and to remove hopelessly mangled extrem- 
ities. The Mangled Extremity Severity Score (MESS) is 
a useful tool in aiding in decisions regarding ampu- 
tation of the lower extremities in questionable cases 
(Table reftab16.2) (31). Under austere conditions, a guillo- 
tine amputation performed at the most distal site possible 
is best. The stump can be revised at a later date. A field 
amputation was necessary to free a trapped victim after 
the Loma Prieta earthquake. 

To facilitate the performance of major procedures 
like amputations, fasciotomies, and fracture reduction, 
a profound state of anesthesia and analgesia is required. 
This could be accomplished using regional anesthesia, 
such as axillary, femoral, or sciatic nerve blocks. However, 
these procedures can be technically difficult, and they can 
produce variable results. A more reliable option is the use 
of ketamine. 

Ketamine is safe and effective, it has a rapid onset and 
a short duration of action, and it is easily administered 
orally, intravenously, rectally, or intramuscularly. In ad- 
dition, it supports the cardiovascular system, preserves 
airway reflexes, and does not significantly depress venti- 
lation under most conditions. No other agent currently 
available can produce the necessary levels of anesthesia 
and analgesia as reliably and as simply as ketamine can. 
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) TABLE 16-2 Mangled Extremity Severity Score 


Finding Points 
Skeletal/Soft tissue injury 
Low energy (stab; simple fracture; civilian GSW) 1 
Medium energy (open or multiple fractures, 2 
dislocation) 
High energy (close-range shotgun or military 3 
GSW, crush injury) 
Very high energy (above plus gross 4 
contamination, soft tissue avulsion) 
Limb ischemia 
Normal pulse 0 
Pulse reduced or absent but perfusion normal 1* 
Pulseless; parasthesias, diminished capillary refill 2* 
Cool, paralyzed, insensate, numb 3* 
Shock 
Systolic BP always >90 mm Hg 0 
Transiently hypotensive 1 
Persistent hypotension 2 
Age (yr) 
<30 0 
30-50 1 
>50 2 


Abbreviation: BP, blood pressure; GSW, gunshot wound. 
*Score doubled for ischemia >6 h. 


It has been used safely and effectively by nonmedical 
persons in the unmonitored, austere environments of 
Afghanistan for years to facilitate field amputations and 
other procedures (32). In a review of 11,589 patients 
treated with ketamine, only 2 otherwise healthy patients 
required intubation (33). Recent articles in the emergency 
medicine literature document the safety and efficacy of 
ketamine (34,35). The currently recommended dose for 
IV administration is 2 mg per kg and for intramuscular 
(IM) administration, it is 5 mg per kg. 

As quantities of intravenous fluids may be limited in 
the first 24 to 48 hours after a large earthquake, typical 
practice patterns involving the type of fluid chosen and the 
amount infused must be modified. The optimal IV solution 
for resuscitation and stabilization of disaster victims 
remains controversial. However, limited data suggest that 
hypertonic saline for initial resuscitation and normal 
saline for maintenance are reasonable choices when 
resources are limited. These are the fluids recommended 
by the MDR project (6). At a dose of 4 mL per kg, 
hypertonic saline appears safe and effective in a variety 
of trauma patients, including children (36-38). If patients 
respond to challenges with hypertonic saline, they can be 
supported with normal saline. The eventual development 
of hypernatremia is a concern, so this regimen cannot be 
used indefinitely. However, it can reduce the use of normal 
saline, and its intent is to buy time until definitive care 
becomes available. 


Complicating this situation is the controversy con- 
cerning the extent to which a trauma patient should be 
resuscitated before establishing control of the bleeding 
site. Reports by Bickell et al. (39) on the initial fluid man- 
agement of patients with penetrating trauma and by Pretto 
et al. (40) on the early management of war casualties in 
Bosnia suggest that patient prognosis is improved by with- 
holding aggressive fluid resuscitation until hemostasis is 
achieved. Whether these data apply to patients with blunt 
trauma is currently unknown. If fluids are scarce, one 
option is to halt resuscitation when the systolic blood 
pressure reaches approximately 80- to 90-mm Hg as was 
done in Bosnia. Until more data are available, making firm 
recommendations is difficult. 


MEDICAL ISSUES DURING RECOVERY 


The increased demand for medical services after an 
earthquake is intense, but the duration is relatively 
brief. Most evidence suggests that, within 3 to 5 days 
of the event, hospital case-mix patterns have returned 
to near normal (1). After 1 week, the arrival of aid 
directed at treating patients with acute medical illnesses 
or traumatic injuries related to the earthquake will have 
less of an impact. The vast majority of patients would 
have received treatment, died, or been transferred to other 
hospitals. The issue at this point is reconstitution of the 
basic medical care system. Earthquakes destroy not only 
hospitals, but also medical offices and clinics. Disaster or 
not, the basic health care needs of the population will 
continue. 

In this situation, DMATs provide their most impor- 
tant function. They can arrive and can begin treating 
ambulatory patients in 48 to 72 hours; thereby help- 
ing to decompress overburdened EDs. Because they are 
self-sufficient from both a personnel and medical supply 
perspective, they can establish temporary clinics with- 
out assistance from an already resource-depleted com- 
munity. DMATs can support the ongoing health needs 
of the general population until the medical community 
can reconstitute the health care infrastructure. Although 
DMATs can provide acute medical care, most of their 
experience has been in the delivery of ambulatory care, 
and that is where they have enjoyed their greatest suc- 
cesses. 

A brief discussion about epidemics is indicated as some 
disaster planners worry about the outbreak of epidemics 
following earthquakes. Although this is technically pos- 
sible, it does not appear likely, based on recent world 
experience. Decisions to bury bodies hurriedly or to begin 
mass vaccination campaigns based solely on the fear of 
possible epidemics are generally inappropriate. The re- 
sults of epidemiological surveillance should guide such 
decisions. 
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SUMMARY 


The medical management of earthquake victims remains 
a difficult challenge. However, the amount of data on this 
subject continues to increase, and making several rec- 
ommendations is now possible. Implementation of field 
triage and unified command using systems similar to 
START and ICS is important in seizing early control of 
the chaotic prehospital disaster scenes. Hospitals will pro- 
vide the bulk of medical care in the first 24 to 48 hours, 
but they cannot do it alone. A backup plan is neces- 
sary to support hospitals in case they are damaged or 
overwhelmed. Otherwise, potentially salvageable patients 
will die. Some institutions will likely be severely dam- 
aged by the earthquake, so hospitals should have a viable 
evacuation plan. Data on effective strategies for hospital 
evacuation now exist. Solutions for augmenting surge ca- 
pacity remain elusive. Given the fact that the number of 
patients seeking care may exceed the available resources, 
ED personnel should be prepared to implement a sys- 
tem such as SAVE for selecting which patients should 
receive care until strategies for increasing surge capac- 
ity are promulgated. After the disaster, rebuilding the 
medical infrastructure will require time. DMATs play an 
important role in maintaining the health of the general 
population until the medical community is reestablished. 
Finally, more information is needed on the optimal man- 
agement of earthquake victims. Research in this area 
must be funded to build on the medical advances already 
achieved. 
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Tornadoes 


David E. Hogan 


On May 3, 1999, a significant outbreak of tornadoes 
occurred throughout the states of Oklahoma and Kansas. 
One of these tornadoes was one of the largest in the last 
50 years to pass through the Oklahoma City metropolitan 
area. This tornado produced winds of more than 316 mph, 
classifying it as the most intense tornado recorded on 
the planet (1). This storm resulted in 40 deaths, 133 
hospitalizations, and more than 266 additional casualties 
in local emergency departments (2). It also represents the 
most intensely studied severe tornadic storm over the last 
2 decades in an effort to provide scientific guidance for 
planning and response against these storms. 

Tornadoes generate the most violent winds of any storm 
on earth. Although the geographical extent of a tornadic 
storm is much less than that of a hurricane, it can 
devastate entire communities with little or no warning. 
Approximately 800 tornadoes strike the United States 
annually (3). From 1950 to 1994, more than 4,115 deaths 
and 70,000 injuries have been reported to the National 
Weather Service due to tornadic storms (4). It has been 
estimated that more than $20 trillion has been lost because 
of tornadic storms during the same period (5). The decade 
of the 1970s alone accounted for 507 tornado-related 
disasters with 830 deaths, 20,969 injuries, and a total 
of 490,316 casualties treated in emergency departments in 
the United States (6). 

Apart from the death and injury caused, the impact 
on the health and well-being of the community from a 
tornadic storm can be devastating. A 1985 storm in Penn- 
sylvania not only resulted in 91 deaths and 800 injuries, 
but more than 3,000 people were left homeless (7). A 1990 
storm in Illinois resulted in the loss of electrical power 
and other basic utilities to 65,000 homes for an extended 
period (8). The 1999 Oklahoma City tornado significantly 
damaged or destroyed more than 15,000 single-family 
dwellings, rendering more than 10,000 homes uninhabit- 
able (1). 

Tornadic storms occur with sufficient frequency in the 
United States that most emergency health care provider 
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will have the opportunity to care for tornado casualties 
at least once in their careers. Many providers in the 
central region of the United States will stand the chance 
of responding to and treating casualties from tornado 
disasters on an almost annual basis. 

Almost all regions of the earth are subject to the 
risk of tornadic storms. However, the landscape and 
weather patterns of the United States cause it to have 
the greatest frequency and severity of these storms when 
compared with anywhere else on the planet. This unique 
and somewhat infortuitous happenstance of geography 
and atmospheric patterns has led to the central corridor of 
the country being nicknamed “Tornado Alley” (Fig. 17-1). 
An unstable atmospheric condition is created when the 
jet stream carries a cold dry air mass south from the 
Arctic at a high altitude over a warm, moist air mass 
moving north from the Gulf of Mexico at ground level. 
The lateral boundary between the dry, cool air and the 
warm, moist air is known as the dry line. The interaction 
between these two regions of the atmosphere can result in 
a horizontal spinning stream of air along the dry line. 
Under certain conditions, thunderstorms may develop 
around these streams of air that may then result in the 
formation of a vertical rotating mass of air known as 
a mesocyclone within the mass of a thunderstorm. This 
rotating stream of air in combination with the formation 
of thunderstorm activity along the dry line is thought to 
be instrumental in the generation of tornadoes (Fig. 17-2). 

Thunderstorms developing in such an environment 
have the potential to become massive supercell thunder- 
storms with tops reaching 35,000 to 45,000 feet. Tornadoes 
most commonly develop from supercell thunderstorms; 
however, they may be generated by any thunderstorm ac- 
tivity. As the mesocyclone vortex within the thunderstorm 
intensifies, the funnel of the tornado descends from the 
trailing edge of the storm. Intensification of the vortex 
may be preceded by a characteristic “wall cloud” forma- 
tion at the posterior lower edge of the “rain bands” of the 


17. Tornadoes 195 


storm, evidence of cloud rotation, and/or a “hook echo” 
on Doppler radar (Fig. 17-3). 

Although they are a chaotic atmospheric phenomenon, 
the frequency and occurrence of tornadoes follow sta- 
tistical patterns. The frequency of tornado occurrence is 
highest during the spring in Texas, Oklahoma, and south- 
ern Kansas. As the year progresses, tornado frequency 
shifts to the northern states in the central tier, includ- 
ing northern Kansas, Nebraska, and South and North 
Dakota. All regions of the United States have experienced 
tornadoes, many of which have been severe. During each 
24-hour period, the potential frequency of tornadoes is 
also predictable; approximately 60% will occur between 
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FIGURE 17-1. Violent torna- 
does (F4 and above) in tor- 
nado days per year from 1921 
to 1995. (National Severe Storms 
Laboratory, Norman, Oklahoma 
http://.nssl.Gov/.) 


noon and sunset, 21% from sunset to midnight, and 19% 
from midnight to noon (5). Tornadoes have a seasonal 
frequency that has been well defined. The frequency of 
tornadoes, and therefore injuries and death from these 
storms, starts to rise in late April of each year, peaking 
in May and June, then tapering off into the summer and 
winter months. 

Tornado severity is graded on the Fujita-Pearson Scale. 
This is a scale that ranges from a designation of F0 through 
F5. Although initially based on the level of structural dam- 
age, the scale now primarily reflects the measured wind 
speed of the tornado. Most tornadoes are considered weak 
(FO, F1) with wind speeds of less than 113 mph. These 
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FIGURE 17-2. Circulation of air masses 
along the dry line with thunderstorm for- 
mation to generate tornadoes. 
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weaker tornadoes cause minor property damage, but they 
typically do not result in significant injuries or loss of 
life. At the other end of the scale, the more violent torna- 
does (F4, F5) have wind speeds of greater than 206 mph 
(Fig. 17-4). Although these severe tornadoes only account 
for approximately 2% of the total number of tornadoes on 
an annual basis, they are responsible for more than 50% 
of all tornado-related deaths in the United States (9). 

The National Weather Service is the sole US official 
agency for issuing warnings during threatening weather 
situations. Established on February 9, 1870, by President 
Ulysses S. Grant, the National Weather Service and its 
divisions have created a set of watch and warnings criteria 
for tornadic thunderstorms. The responsibility for mon- 
itoring, forecasting, and issuing watches and warnings 
related to tornadic thunderstorms rests with the Storm 
Prediction Center (SPC) located in Norman, Oklahoma, 
a division of the National Oceanic and Atmospheric Ad- 
ministration’s, National Weather Service. A tornado watch 
will be issued by the SPC for a specific area of the United 
States when conditions within that area are conducive to 
the formation of tornadoes. A tornado warning is issued 
for a specific area when either visual sighting of a tornado 
occurs or radar indications demonstrate the presence of 
an active tornado within that region. 

The US weather service has deployed the “next- 
generation” radar (NEXRAD) system throughout the 
United States to improve monitoring, prediction, and 
warning capabilities. In 1988 the agencies involved with 
the development and deployment of the NEXRAD system 
were established in the Radar Operations Center (ROC) 


FIGURE 17-3. Supercell thunder- 
storm anatomy with wall cloud 
and hook echo images. (Images 
courtesy of NOAA Central Library 
and the Office of High Perfor- 
mance Computing and Communica- 
tions. http:/;www.Photolib.NOAA./ 
NSSL/NSINDZ.html.) 


coexistent with the SPC in Norman, Oklahoma. The ROC 
serves as a central point for the operation, maintenance, 
and future development of the Weather Surveillance Radar 
88 Doppler (WSR-88D) systems deployed throughout the 
NEXRAD network. With a maximum effective range of 
approximately 250 nautical miles, there are more than 158 
WRR-88D radars currently in operation within the United 
States and in select locations abroad (10). This system 
provides early and highly accurate weather warnings 
to specific geographic locations to include warnings of 
impending tornado strikes an average of 20 minutes before 
impact. 


PREHOSPITAL CONSIDERATIONS 


Tornado disasters pose some unique problems for the 
prehospital health care provider. As opposed to some 
disasters that result in a well-localized region of disrup- 
tion, tornadoes create several linear areas of destruction 
throughout the community. These zones of destruction 
average several hundred yards in width, and they may be 
several miles long. Zones of destruction cut across and 
destroy utility services, such as electrical power and com- 
munication. In addition, they block usual access routes 
throughout the city, making entrance and exit into the 
areas of destruction difficult. Usual routes to emergency 
departments may also be obstructed, thus altering casu- 
alty distribution. Emergency medical service (EMS) units 
may be at risk when moving into areas of destruction 
because of lingering elements of the storm, downed power 
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FIGURE 17-4. The Fujita-Pearson Tornado Scale with associated wind velocities and cor- 
related structural damage. (The National Severe Storm Laboratory, Norman, Oklahoma, 


http://www.nssl.noaa.gov/.) 


lines, flooding, and adverse traffic conditions. Debris on 
the road may not only block EMS vehicles, but it can also 
result in vehicle damage, taking units out of service. 

In previous tornado disasters, most victims who die 
do so at the scene (4). Only small numbers of victims 
who arrive at emergency departments die after hospital 
admission (9,11). This suggests that, although EMS may 
have a significant impact on the morbidity of patients, 
there may currently be little impact on mortality. Rapid 
identification of the location of severely injured victims in 
a tornado strike zone and the delivery of those individu- 
als to an emergency care system may assist in decreasing 
mortality, as well as morbidity. With that end in mind, 
it is intuitive that the most severely injured victims will 
be located within the core area of the tornado strike. A 
report of the 1996 Topeka, Kansas, tornado also indi- 
cated that all the seriously injured casualties and fatalities 
were discovered in this zone of damage (12). Many tor- 
nadoes are also known to exhibit damage patterns noted 
within the core zone of damage that are known as multiple 
vortex suction spots (3). In a 1970 tornado in Lubbock, 
Texas, Dr. Ted Fujita correlated the location of the fatal- 
ities to the location of the multiple vortex suction spots 
on the ground. Almost all the fatalities in this report oc- 
curred within the areas defined by these multiple suction 
spots (Fig. 17-5) (13). These multiple suction spots are 


visible both from the air and the ground following a tor- 
nado. Additionally, severe injuries have been correlated 
with increasing degrees of structural damage to dwellings 
(14-16). If particularly heavily damaged buildings can 
be identified quickly, they may represent areas for the 
initiation of search and rescue activities. 

The pattern of deployment of EMS vehicles to field 
sites after a tornado strike must be carefully considered 
and coordinated. Although EMS units should be deployed 
along areas of significant damage, care should be taken to 
support initial EMS responders adequately with additional 
units for the evacuation of triaged patients. EMS units 
have been known to be overwhelmed with casualties at the 
scene without adequate supplies or evacuation resources. 
Known radio communication blackout zones should be 
avoided in the creation of casualty collection or triage 
points. Medical command and emergency dispatch should 
keep careful track of the location of each unit to coordinate 
prehospital teams with casualty collection points. Owing 
to the degree of damage and potential disorientation, 
global positioning system coordinates may be of benefit. 

Once deployed to the field during a tornado disaster, 
EMS units often represent the only visible source of or- 
der and medical support to survivors within a devastated 
zone. As EMS units arrive toward the scene of tornado im- 
pact, their eventual location around the scene is dictated 
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FIGURE 17-5. Deaths and tornado suction 
spots after Fujita. (From Grazulis TP. A guide 
to tornado video classics—ll: the magnificent 
puzzle. Johnsbury, VT: The Tornado Project 
of Environmental Films, 1994:20, with per- 
mission.) 


more by geography, damage pattern, and casualty flow 
rather than planned response. Single units find themselves 
quickly entangled within the melee of human activities and 
crews are quickly overwhelmed by converging casualties. 
Once overwhelmed and presented with multiple casual- 
ties, some of whom are critical, the paramedic is faced 
with a dilemma. Leaving the area to transport a critical 
casualty will abandon scores of other casualties with no 
medial support at all, while further casualties continue to 
arrive at this “spontaneous triage point” every minute. To 
stay and continue field triage and care will mean that the 
critical casualties arriving will be delayed in being trans- 
ported to the emergency department. Many alternatives 
have been used by seasoned paramedics to work their way 
out of this crux, including dispatching civilian vehicles 
with layperson care to move critical casualties to the clos- 
est emergency department. This odyssian dilemma might 
be decreased somewhat by providing excess staffing of 
prehospital units dispatched to the scene, adequate com- 
munication links such that no unit can become isolated, 
movement of initial scene response units in twos or threes 
to establish initial casualty collection points. In addition, 
planning for such situations by arranging for additional 
coordinated transport units once the first units are en- 
gaged is beneficial. The intent should be to prevent the 
isolation of any EMS unit during the initial response until 
a more comprehensive understanding has been developed 
of the location and number of casualties. 

One previous report has suggested that air medical 
units in a metropolitan area may not be useful following 
a tornado disaster (17). However, more recent experience 
indicates that air units might provide specific and valuable 
services in a number of ways during a tornado disaster 
response. Helicopters are often sent aloft during severe 
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weather by local news media outlets to track and pho- 
tograph tornadic thunderstorms. The visual tracking of 
tornadic storms by this method when combined with high 
resolution ground radar data allows an unprecedented 
accuracy as to storm location, movement, and damage 
path. Such air-based monitoring has its downside as it is 
generally limited to daylight hours, and maneuvering a 
rotary wing aircraft around the winds of a tornadic thun- 
derstorm is inadvisable for all but the most experienced 
crews. Helicopters have been used to deploy physician and 
paramedic units to the site of rural tornado disasters. This 
is valuable, particularly when disruption of the medical 
infrastructure has occurred in these communities (18). In 
addition, reconnaissance may be performed by air med- 
ical units to help delineate the extent of destruction, as 
well as to identify initial areas for search and rescue. 

In metropolitan areas, air medical units can be valuable 
in transporting patients from casualty collection points to 
definitive care. This can be achieved safely and efficiently 
by providing well lit and properly managed landing zones 
at casualty collection points. In addition, integration of 
the landing and loading protocols of air medical units into 
the disaster response training of field Fire, Police, and 
EMS units will improve the safety and efficiency of air 
medical use during the tornado response (19). Air units are 
also valuable in transporting critical casualties between 
metropolitan emergency departments when indicated, 
over the debris and ground traffic disruption created 
by the storm. In addition, coordinated movement of 
supplies and personnel to locations around the strike 
zone may be a critical function. The response capability 
of air units may be limited by debris and other hazards 
at the ground landing zones. The continued winds and 
inclemency associated with severe weather conditions 
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may marginalize the utility of air units. Air operations may 
be hampered or even add to the danger unless they are 
well directed and integrated into the overall community 
disaster response. 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


Emergency departments serve as the focal point of 
community medical response during any disaster, and 
are particularly stressed during a tornado response. Loss 
of electrical power is a very real possibility during a 
tornado disaster. Emergency departments typically have 
backup electrical generators available as part of the overall 
hospital disaster plan. However, these backup generators 
often provide limited amounts of electrical energy to the 
emergency department. They may be inadequate to supply 
the level of power needed to evaluate the number of 
tornado casualties arriving. Consideration should be given 
to the location of additional backup electrical generators, 
particularly for outside triage areas. Lights of sufficient 
intensity should be available for the triage area in the 
event of electrical failure. Large flashlights in sufficient 
numbers should be provided for the physician and nursing 
staff to carry in the event of the loss of power. These 
flashlights should be part of the regular disaster stock in 
the emergency department, and they should be evaluated 
for potency of batteries on a regular basis (Fig. 17-6). 
If outdoor lighting is inadequate, vehicle headlights may 
provide a short-term remedy. 
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FIGURE 17-6. Use of high-intensity rechargeable battery- 
powered lights for wound care during a tornado disaster. 


Communication within the emergency department dur- 
ing a tornado disaster is a problem as well. Coordination 
between the emergency department arrival areas, triage, 
the emergency department proper, and the operating 
rooms is dependent on the ability to communicate. This 
may be achieved by numerous methods, including hand- 
held FM radio transmitters, hard-wire technology, or 
runners. If radio communication methods are selected, 
these radios should be part of the regular disaster stock, 
and the batteries must be maintained regularly. Personnel 
should be trained in radio use procedures. 

Traffic control has consistently been reported as a 
problem in and around emergency departments following 
a tornado disaster. The hospital and the surrounding 
access and egress routes should be secured by hospital 
security or police. Law enforcement agencies should 
be familiar with the requirements for traffic flow into 
and out of the emergency department during a disaster. 
Walking wounded, privately operated vehicles, and EMS 
vehicles should be directed to the appropriate triage and 
evaluation areas. 

Adequate water supply is also vital for the continued 
functioning of the emergency department. Many victims 
of tornadoes present with soil and debris coating their 
skin. At times, the contamination can be so substantial 
that primary surveys are difficult to perform with any 
proficiency (4). Plans should be made to provide a 
continuous and adequate water supply to emergency 
departments during tornado disasters. Portable or fixed 
shower facilities are highly desirable, and they may be 
used to decontaminate tornado victims as part of overall 
evaluation and care. 

All emergency departments should have access to real- 
time weather information for their local community. This 
is necessary not only to prepare during watches and 
warnings but also to monitor ongoing weather conditions 
while the emergency department receives casualties. The 
occurrence of other severe weather phenomena, such as 
hail, lightning, and additional tornadoes can threaten 
emergency department operations in the midst of the 
response to the primary event. Internal storm disaster 
management plans must be in place as a part of each 
institution’s disaster management plan. 

Most casualties arriving at emergency departments fol- 
lowing a tornado will arrive by privately operated vehicles. 
Most of these victims will be walking wounded, but some 
will have serious injuries. Health care providers involved 
in triage must be cognizant of proper spinal immobiliza- 
tion and vehicle extrication techniques. These are used in 
an effort to avoid causing additional injury to the victims 
as they arrive at the emergency department without hav- 
ing had the benefit of prehospital medical stabilization. 
Educating the staff on appropriate spinal immobilization 
and vehicle transfer techniques should be a routine part 
of ongoing education in the emergency department. 
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As with most disasters, tornado victims tend to arrive 
in a two-wave pattern. Initial victims usually arrive within 
15 to 20 minutes of the tornado strike. This constitutes 
the first wave and usually primarily represents the walking 
wounded with minor injuries. The second wave of more 
seriously injured victims tends to arrive within 1 to 4 hours 
of the storm; these will arrive by a combination of private 
vehicle and EMS transportation (4). 


TORNADO-RELATED INJURIES 


A review of the reports and experiences of health care 
providers responding to tornado disasters provides some 
insight regarding the type of injuries seen. The most 
common injuries tend to be complex contaminated soft 
tissue wounds. These are various lacerations, contusions, 
abrasions, and punctures. More than 50% of the cases 
seen in emergency departments suffer from these wounds. 
Most soft tissue wounds will be contaminated with soil and 
foreign bodies. Many wounds will be deep and complex in 
nature with concomitant blunt trauma. Most soft tissue 
injuries are seen on the exposed areas of the body, such 
as the head, neck, and arms. In addition, eye injuries, 
including ocular rupture, corneal foreign bodies, and 
abrasions, occur regularly. Up to 50% of the soft tissue 
wounds may be sustained during rescue and recovery 
activities (14,20). 

Fractures are the second most common injury typically 
reported from tornadoes, and they may account for up 
to 30% of total injuries (4). Fractures are often the 
most common reason for hospital admission. Up to one- 
fourth of the fractures reported may be open (21). One 
tornado study stated that 46% of the cases taken to 
the operating room at a community hospital required 
operative intervention for fractures (22). 

Head injury following tornadoes is commonly reported. 
Severe head injury usually accounts for less than 10% of 
the total, but it is reported as the most common cause 
of death following a tornado (4). Most of the reported 
head injuries are considered minor concussions. Most 
cases are discharged from emergency departments with 
head injury instructions. Head injury is usually the second 
most common cause of hospitalization. 

Blunt trauma to the chest and abdomen accounts for 
less than 10% of the overall injuries reported in emergency 
departments. The number of cases needing exploratory 
laparotomy or other surgical interventions has not been 
clearly documented in the literature. One hospital reported 
that 23% of the cases following a tornado required 
emergency laparotomy for blunt abdominal trauma (22). 
The rate of intraabdominal trauma and hemodynamic 
shock following tornado injury has been suggested to be 
greater than that for motor vehicle crash victims when the 
two cohorts are compared (23). 


Most patients who arrive at the emergency department 
will survive (8,11,12,24-27). Those victims who die in 
the field typically succumb to severe head injury, cervical 
spine trauma, or crush injury to the chest (7,11,12,21,26, 
28,29). Typically, admission rates for tornado victims are 
approximately 25% (14,25,26,30-33). 


WOUND CARE 


The highly contaminated nature of wounds seen in the 
emergency department following a tornado disaster de- 
serves additional consideration. A wounding phenomenon 
almost unique to tornadoes has been reported in the med- 
ical literature (4). This is a dermoabrasive effect caused 
by fine soil, sand, and mud particles being accelerated 
by tornadic winds to such a degree that the skin is es- 
sentially sandblasted. The types of therapy provided for 
this abrasive injury and the outcomes of these wounds 
have not been reported. Therefore, the logical conclusion 
is that tornado-abrasive wounds might be treated sim- 
ilar to extensive abrasions from any other mechanism 
(Fig. 17-7). 

Because of the complex nature and the high frequency 
of contamination of tornado wounds, these injuries have 
been compared with shrapnel wounds sustained during 
military conflicts from mortars (23). In addition, extremely 
high frequencies of wound infections have been suggested, 
although they have not been statistically documented (34). 
Most authors in the literature suggest delayed primary 
closure for most tornado wounds (4). However, few 
emergency physicians actually do this in practice. No 
studies are found in the literature to support delayed 
primary closure over immediate closure in the emergency 
department for tornado wounds. Therefore, the author can 
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FIGURE 17-7. Abrasive effect on skin due to tornado. (Courtesy 
of Gary Quick, MD.) 
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make no firm recommendations, but caution is advised 
because of the perceived likelihood of wound repair 
complications. The recommendations are discussed in the 
subsequent text. 

The effect of antibiotics administered at the time of 
wound closure is unknown. Previous authors, in reports 
from the late 1960s and early 1970s, have suggested that 
antibiotics are ineffective in preventing wound infection 
following tornado injuries (24,29). It is not known what 
protection the newer generation of antibiotics, available 
with the emergency departments today, may offer these 
patients. 

Currently, considering delayed primary closure for all 
tornado wounds presenting to the emergency department 
would seem appropriate. Should the decision be made to 
close wounds primarily, they should be subjected to in- 
tense exploration and irrigation to decrease the bacterial 
count and to remove foreign bodies. Antibiotic coverage 
should probably be provided for these casualties. If a 
wound is closed primarily in the emergency department, 
the antibiotic should preferentially be administered at 
least 1 hour before any significant tissue manipulation. 
Parenteral routes of antibiotic administration are pre- 
ferred to allow the rapid accumulation of the antibiotic in 
tissues. In addition, the antibiotic should be one that is 
effective against the predicted pathological contaminants 
for that wound. 

Aerobic gram-negative species, such as Escherichia coli, 
klebsiella, serratia, proteus, and pseudomonas species, 
are commonly found as wound contaminants in tornado 
wounds (23,24,35,36). Staphylococcus and streptococcus 
species have been suggested as the most common causes of 
wound infections in patients discharged from emergency 
department with tornado-sustained wounds, although this 
has not been confirmed. Pseudomonas is also a known 
tornado wound contaminant, suggesting that antibiotic 
coverage may need to be extended for this organism as 
well, if patients are at risk for such infections (i.e., those 
with diabetes or human immunodeficiency virus [HIV]). 
Antibiotic coverage should be continued for 48 to 72 hours 
following wound closure in the emergency department. All 
patients treated in this way require wound follow-up in 24 
to 48 hours. 

Tornado casualties admitted to the hospital have been 
reported to have an increased frequency of pseudomonas 
infections, although gram-negative nosocomial infections 
were not controlled for in these reports (23,24,35). 
Infections due to Clostridium perfringens and resultant 
gas gangrene have been reported in victims with tornado 
wounds (35). However, it is unlikely that tornado wounds 
are necessarily more at risk for infections by this 
organism than wounds sustained by any other traumatic 
process (23,26,35). Despite the chaos associated with 
tornado disasters, careful record-keeping and follow-up 
are important in wound care. 


One death secondary to tetanus in a victim suffering 
tornado wounds has been reported (16). Tornado injuries 
should be considered as tetanus prone. (Tetanus-prone 
wounds are generally considered to be those that have 
a complex or avulsed nature, are more than 1 cm in 
depth, are due to a blunt crush, missile-related, or thermal 
etiology, have visible contamination, or have presented 
to the emergency department more than 6 hours after 
being wounded 37.) If these patients have not received 
their initial tetanus immunization of three doses, they 
should receive tetanus immune globulin, 250 U, and 
tetanus toxoid immunization at separate body sites. All 
other victims should receive tetanus immunization if more 
than 5 years have passed since their last tetanus booster. 
Patients younger than 7 years should receive pediatric 
diphtheria-tetanus (DT) toxoid, 0.5 mL intramuscularly 
(IM), and patients older than 7 years should receive 
tetanus-diphtheria (Td) toxoid, 0.5 mL IM. 

Puncture wounds due to tornadoes also require special 
consideration. These wounds should not be closed because 
of the high potential for foreign body and contamination. 
They should be investigated for foreign bodies by the 
appropriate radiological techniques and exploration if 
possible. Puncture wounds should be irrigated with 
low-pressure irrigation with normal saline or with 1% 
povidone-iodine solution. Consideration should be given 
to debridement or core techniques for these wounds, 
particularly if foreign bodies are highly suspected or 
are detected. Such techniques may be performed in the 
emergency department, but they may be better performed 
the following day under more controlled conditions in 
either outpatient or inpatient surgical settings. 


SHELTERING ACTIVITIES 


Adequate warning of an approaching tornado and appro- 
priate sheltering activities by the population have been 
demonstrated as the most important factor associated 
with decreasing morbidity and mortality (14-16,38-40). 
The population must be adequately educated regarding 
the appropriate response to take for sheltering during 
tornado warning. Tornado warnings may be divided into 
active warning systems and passive warning systems. Ac- 
tive warning systems have been demonstrated to be the 
most effective (40). These consist of neighborhood storm 
sirens, weather alert radios, and other systems that do 
not require the recipient to initiate any activity to receive 
warning. Passive warning systems consist primarily of the 
electronic news media, such as television and radio sta- 
tions, and require that the recipient initiate contact with 
these media and monitor ongoing events. All public safety 
agencies and emergency departments should be equipped 
with both active and passive warning systems. All emer- 
gency departments will find that having real-time access 
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to the local television and radio media to monitor ongoing 
events is essential for proper situational avvareness. 

The population must be adequately educated vvith re- 
gard to the appropriate sheltering activities to take once a 
warning has been issued. Community education projects 
in tornado-risk zones are often provided by the local news 
media as a public service. Additionally, emergency depart- 
ments and EMSs may be involved. Outreach programs 
for both EMS and emergency departments into the com- 
munity may be performed during the tornado season 
as part of a public education program. Public service 
announcements and newspaper advertisements may not 
only discuss other health-related issues, but also provide 
sheltering information for severe storms as a public ser- 
vice. Education may be provided in the form of discharge 
instructions, both verbal and printed, during discharge 
from emergency departments in the same manner that 
other health-related information, such as car seat and 
seatbelt use, is provided to patients. 

Mobile homes are probably the most dangerous struc- 
tures to be in during a tornado. Facetiously, mobile homes 
have been suggested to act as tornado magnets, pulling 
these severe storms to their location. This has not been 
substantiated by research, but mobile homes have been 
noted to be excellent tornado-detectors. Even with the best 
known tie-downs for mobile homes, wind speeds of 50 to 
55 mph will cause them to become airborne (16,17,29,30). 
Injury rates for victims who remain in mobile homes dur- 
ing tornadoes have been estimated at 85.1 per 1,000 versus 
3 per 1,000 for victims who shelter in standard constructed 
homes (16). Communities should install active alert sirens 
for all mobile home parks. Specific education programs 
should be targeted for these individuals about appropriate 
sheltering techniques. Current recommendations are that 
individuals in mobile homes should leave them as soon 
as possible and find more substantial shelter. Commu- 
nal storm shelters have been recommended for all mobile 
home parks. These shelters should be easily accessible and 
of sufficient size and number to allow the entire intended 
population access to them during a tornado warning (11). 

Individuals who are outside during a tornado have 
also been documented as being at increased risk for 
death and injury (16). Recommendations are that during 
storm season, the individuals maintain communication 
with at least passive alert mechanisms. At the issuance 
of a tornado warning, they should seek shelter in a 
hardened structure, if possible. At minimum, they should 
shelter in a low ditch or culvert region covered with 
available materials. Sheltering under highway overpasses 
as popularized by some television documentaries is 
dangerous and should always be avoided (2). 

Being located in a motor vehicle during a tornado 
has also been associated with an increased risk for in- 
jury and death (16). Although substantially higher injury 
rates have been reported, these studies were based on 


vehicle construction before the advent of shoulder and lap 
restraints, airbags, safety glass, and space-frame construc- 
tion (4). Recommendations for individuals trapped by a 
tornado while in a motor vehicle over the last 2 decades 
have been to leave the vehicle and seek shelter outside in a 
low-lying ditch or ravine. Recent studies of tornado-related 
injuries have begun to challenge this recommendation 
(14,38,41). Engineering studies of more modern motor ve- 
hicles indicate that they are substantially more stable than 
mobile homes during a tornado (42). Daley et al. studying 
the massive F5 tornado in Oklahoma during 1999, found 
that the risk of injury for motor vehicle occupants was sim- 
ilar to those sheltering in a permanently built home and 
much less than those sheltering in a mobile home or out- 
side location (2). This study was done on an F5 tornado 
that rendered all sheltering locations except subground 
locations dubious at best. This fact may have biased the 
injury data to favor those advantages provided by the au- 
tomobile. The mobility provided by the motor vehicle can 
allow one to drive to a hardened structure for sheltering 
or entirely out of the tornado warning zone, provided the 
tornado warning is received and heeded early enough. If 
a storm path is visible to a motor vehicle occupant, it may 
be possible to steer away from the path of the storm at 
right angles and avoid it entirely. Certainly, the intense 
media coverage and highly accurate location and predic- 
tion of the tornado path provided by Doppler radar and 
visual tracking have increased the advantages provided by 
the motor vehicle as well. Such studies have resulted in 
changes in the recommendations for tornado safety that 
deemphasize abandonment of motor vehicles, now rec- 
ommending this action only to enter a solid shelter (43). 

Sheltering in a subgrade location (basement) away 
from windows is the most effective means of decreas- 
ing injury through sheltering activities. In houses without 
subgrade availability, people should shelter in an interior 
area of the home as low to the floor as possible. Individu- 
als should cover themselves with blankets, mattresses, or 
pillows, as the exposed areas of the body are at increased 
risk for injury. The use of protective headgear is recom- 
mended and it has been suggested to decrease morbidity 
and mortality from head injury during tornadoes (29,44). 
Safe rooms, consisting of concrete and rebar reinforced 
regions within a standard constructed home, may be built 
for $2,000 to $5,000. Some areas of high tornado risk may 
obtain federally assured loans to assist in the construction 
of safe rooms with variable tax incentives. Such struc- 
tures are likely to protect occupants from all but the most 
significant tornadoes. 

Age has been noted to be a factor associated with in- 
creased morbidity and mortality during tornadoes. More 
importantly, studies have indicated that the elderly pop- 
ulation of a community may be less able to receive and 
understand tornado warnings. In addition, this older pop- 
ulation is more frequently afflicted by medical conditions 
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that diminish its ability to ambulate. These combined 
conditions result in a population at significantly more risk 
during a tornado strike (2). Communities should consider 
the establishment of target warning and public education 
programs for these at-risk individuals. Public outreach 
programs and emergency department discharge instruc- 
tions might contain information regarding the increased 
vulnerability of this population and should suggest that 
family members take steps to ensure that their loved ones 
are protected during a storm watch. 


MENTAL HEALTH IMPACT 


As with most disasters, post-traumatic stress disorders 
(PTSDs) and increased stress rates have been reported 
following tornadoes. The rates of severe PTSD following 
tornadoes have been reported as being from 2% to 
59% (45,46). Good support mechanisms and appropriate 
counseling typically result in a favorable outcome for most 
of the victims suffering from emotional and psychiatric 
problems following a tornado. As with any disaster, an 
appropriately planned and balanced program to deal with 
these problems should be a key component of the disaster 
management plan. 


SUMMARY 


All areas of the United States are at risk for tornadic disas- 
ters. Medical planning, coordinated with local community 
planning, based on valid assumptions will decrease mor- 
bidity and mortality associated with these disasters. Some 
unique prehospital and emergency department problems 
are found because of tornado disasters. Soft tissue injuries 
and complex wounds are frequently sustained during tor- 
nadoes, and they require special consideration to avoid 
wound complications. Warning and sheltering activities 
are the most valuable component within a community 
for decreasing morbidity and mortality. Emergency de- 
partments and EMSs may fully participate in the tornado 
education of their local population as part of both outreach 
programs and the daily activities of patient education. 
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Chapter 18 


Hurricanes 


John T. Meredith 


“Do you hear anything about Galveston?” 
-Willis L. Moore, Chief, United States Weather 
Bureau, September 9, 1900 


On September 8, 1900, a hurricane that was estimated 
to be a level 4 storm on the Saffir-Simpson scale struck 
Galveston, Texas. Informal estimates placed the number 
of dead at 8,000 to 12,000 people, not including the 
thousands who died in the flooded, low-lying towns 
surrounding Matagorda Bay and Houston, Texas. The 
Galveston hurricane of 1900 has been recorded as the 
most devastating hurricane in terms of the number of 
lives lost in modern US history. The most catastrophic 
tropical cyclone in the world to be recorded was the 
November 1970 Bangladesh storm, which killed 300,000 
to 500,000 people. More recently, the United States has 
endured a number of hurricanes resulting in billions of 
dollars in damage to property and infrastructure. The most 
notable were four major hurricanes ranging from level 2 
to level 4 on the Saffir-Simpson scale, which struck the 
state of Florida in 2004. These four hurricanes resulted 
in $41.5 billion in damage and 152 deaths (1). From a 
larger perspective, hurricanes and tropical cyclones can 
be equated with earthquakes as the major geophysical 
causes of loss of life and property in the world (2,3). 


HURRICANE MECHANICS 


Hurricanes are uncommon weather phenomena. Techni- 
cally, a hurricane is a tropical cyclone originating in the 
Atlantic Ocean, eastern Pacific Ocean, or the Gulf of Mex- 
ico. In the western Pacific Ocean and the Indian Ocean, 
this weather phenomenon is known as a typhoon. For 
much of the year, large portions of the tropical oceans 
present with the potential to develop hurricanes. This 
potential is a result of a thermodynamic disequilibrium be- 
tween the atmosphere and the underlying ocean. Both the 
ocean and the atmosphere are typically at or near the same 
temperature; however, the exchange of entropy from the 


ocean to the atmosphere drives this thermodynamic dis- 
equilibrium. Hurricanes do not arise spontaneously even 
under favorable conditions, and relatively few hurricanes 
develop in the world each year (3). 

To initiate the development of a hurricane, a strong 
atmospheric starting disturbance is required. For the 
North American continent, this starting disturbance is 
provided by a macroscale wave that arises from the 
instabilities of the east-to-west atmospheric flow over 
sub-Saharan Africa during the northern latitude summer. 
These atmospheric waves are a result of a heat-induced 
region of low pressure over the sub-Saharan Africa, which 
is moving westerly; it then collides with a region of moist 
air off the west coast of Africa. Similar waves can form 
over Central America and the Gulf of Mexico. Known as 
tropical waves, these waves of unstable air frequently run 
as far west as Florida without developing into hurricanes. 
Often, in a single hurricane season, 50 to 60 such tropical 
waves emanate from West Africa (3,4). 

What causes one tropical wave to develop into a 
hurricane whereas another tropical wave does not is an 
area of intense research. What is known is that a number 
of empirical conditions are necessary for hurricane 
formation. One of the most significant conditions is an 
ocean temperature of at least 26°C (78.8°F) down to a 
depth of 60 m (3). Another important condition is the 
absence of significant upper atmospheric tropospheric 
wind shear. A myriad of other climate-based and ocean- 
based conditions influence hurricane evolution. Ocean 
temperature, however, and tropospheric wind shear are 
two of the more significant ones. 

Crucial for a mature hurricane is its energy source, 
which is the ocean temperature (3). The greater the differ- 
ence in ocean temperature and the overlying atmosphere, 
the greater the degree of thermodynamic disequilibrium 
and the transfer of entropy to hurricane. Therefore, the 
greater is the potential for a severe hurricane. Additionally, 
a strong correlation is seen between summertime mon- 
soon rainfall in the sub-Sahara and hurricane intensity. 
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) TABLE 18-1 Wind Speed and Storm Surge Criteria for Saffir-Simpson (S-S) Hurricane 
İntensity Categories and Hurricane Potential Destruction Scale 


Range of Central 


Maximum Sustained 


Storm Surge 


S-S Category Pressure (mbar) VVind Speed (mph) (ft) PD Value 
1 >980 74-95 3.28—6.56 1 
2 965-979 96-110 6.56-8.2 4 
3 945-964 111-130 8.2-13.12 9 
4 920-944 131-155 13.12—18.04 16 
5 <920 155 > 18.04 25 


PD is assumed to increase with the square of the Saffir-Simpson category. 


Abbreviation: PD, potential destruction. 


From National Oceanic and Atmospheric Administration. National Hurricane Center home page. Available at: 


http://www.nhc.noaa.gov/. Accessed March 27, 2002. 


Heavier seasonal rainfall in the sub-Sahara is strongly cor- 
related with better-organized and stronger tropical waves. 
As such, the most severe hurricanes (Saffir-Simpson scale 
3, 4, and 5) typically occur during periods of heavy sub- 
Saharan precipitation. This association has been noted 
as a multidecadal climate cycle. Over several cycles of 
wet periods in the sub-Sahara, a recorded two to four 
times increase in the potential destruction of hurricanes 
making landfall in the United States has been observed. 
This climatic cycle is thought to be responsible for the in- 
crease in destructive hurricanes striking the United States 
between 1947 to 1969 and 1988 to present (4). From 
1970 to 1987, the sub-Sahara experienced a drought, and 
the frequency of intense Atlantic hurricanes was dimin- 
ished (4). Also, statistically significant is the fact that most 
intense North American hurricanes occur during August 
and September. A hurricane of level 3 to 5 on the Saffir- 
Simpson scale strikes the continental United States every 
1.5 years. 

As the tropical wave emerges off the West African 
coast and becomes more intense, it organizes to form 
a tropical depression. A tropical depression is the first 
organized stage in the evolution of a hurricane; it is 
a system of clouds and thunderstorms with a defined 
circulation pattern. By definition, the wind speeds of a 
tropical depression are 38 mph or less. With continued 
organization and time spent over the warm tropical waters 
of the Atlantic, the tropical depression develops into a 
tropical storm. A tropical storm is defined as an organized 
system of strong thunderstorms with a defined circulation 


Rainbands 


FIGURE 18-1. Cross section of 
a hurricane. 


pattern and a maximum sustained wind speed of 39 to 
75 mph. With progressive intensification and definition 
of the circulation pattern, a tropical storm becomes a 
hurricane when sustained wind speeds of 74 mph and 
higher are obtained (4). 

Five classes of hurricanes are defined by the Saffir- 
Simpson scale (Table 18-1). As was noted in the preceding 
text, hurricanes draw their energy from warm ocean 
waters. The warmer the water that underlies a hurricane, 
the greater the potential for a well-organized strong 
hurricane with a high Saffir-Simpson rating. As the 
hurricane grows stronger with the winds at the core 
increasing in velocity, a dome of water is drawn up under 
the core of the hurricane. This dome of water is known as 
the storm surge; it is often 50 to 100 mi in diameter and 
10 to 20 feet above normal sea level. This surge of high 
water accompanied by storm waves is very devastating. 
The core is referred to as the eye of the hurricane; it is 
a central clearing with rotating counterclockwise winds 
of high velocity forming a cylindrical wall (Fig. 18-1). 
This counterclockwise rotation is unique to the Northern 
Hemisphere, and it results from the direction of the 
earth’s rotation and the conservation of the angular 
momentum of the airflow inward to the hurricane. In 
the Southern Hemisphere, the direction of rotation is 
clockwise. Although the Saffir-Simpson scale is based on 
sustained winds, winds at the eye wall of a hurricane 
can gust up to 200 mph. The higher the Saffir-Simpson 
rating and the shallower the offshore region, the higher 
the oncoming surge (4). 


Eye Eye wall 
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Of importance is the fact that the storm surge is 
the most dangerous part of a hurricane. If the storm 
surge of an approaching hurricane occurs at the time 
of high tide, the combination is known as a storm tide, 
and the effects are even more devastating. In both the 
Galveston hurricane of 1900 and the Bangladesh hurricane 
of 1970, the tidal surge vvith the compounding factor of 
the relatively low depth of the Bay of Galveston and the 
Bay of Bengal combined to result in the devastating loss 
of life (5). 

A hurricane watch, by definition, is announced for a 
region when a hurricane is scheduled to approach within 
24 to 48 hours. A hurricane warning is announced for a re- 
gion when the hurricane is scheduled to approach within 
24 hours or less. 


HURRICANE-RELATED DEATHS 


Unfortunately, present day terms do not give a universally 
accepted standard or definition of hurricane-associated 
death. Often, the determination of a hurricane-associated 
death is determined by a local medical examiner’s office 
for each respective district of the hurricane impact. Ba- 
sic categories include, but are not limited to, drowning, 
electrocution, environmental exposure, falls, fire, natural 
causes, motor vehicle trauma, and jumping. Nevertheless, 
since the discovery of the Americas in 1492, an estimated 
300,000 to 500,000 deaths due to hurricanes have occurred 
in the North American hemisphere (6). Of these deaths, 
the estimation is that 74,800 occurred in the last century 
(Fig.18-2) (6,7). Numerous hurricanes have resulted in 
more than 1,000 fatalities each, and one recorded hurri- 
cane, the Lesser Antilles Great Hurricane of 1780, resulted 
in 22,000 deaths. Five hurricanes in the twentieth cen- 
tury have resulted in more than 8,000 reported deaths 
per storm. These hurricanes are the Galveston hurricane, 
1900; Dominican Republic hurricane, 1930; Hurricane 
Flora, 1963; Hurricane Fifi, 1974; and Hurricane Mitch, 
1998 (Table 18-2) (6). 
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FIGURE 18-2. Mortality due to hurricanes in the North 
American and Central American continents. 


) TABLE 18-2 Five Deadliest Atlantic Hurricanes in the 
20th Century 


Saffir- 
Simpson Deaths 
Year Hurricane Level (Estimated) 
1900 Galveston hurricane 4 8,000—12,000 
1930 Dominican Republic 4 4,000-8,000 
hurricane 
1963 Hurricane Flora 4 7,200-8,000 
(Haiti and Cuba) 
1974 Hurricane Fifi 4 8,000—10,000 
(Hondura) 
1998 Hurricane Mitch 5 11,000 


(Central America) 


From National Oceanic and Atmospheric Administration. National 
Hurricane Center home page. Available at: http://www.nhc.noaa.gov/. 
Accessed March 27, 2002. 


In the coastal areas, deaths from hurricanes, in general, 
have diminished over the last 100 years. In large part, 
this decrease is the result of accurate weather reporting 
and scientific forecasting, allowing for timely evacuation 
in threatened coastal regions. (The exception is the 
Galveston hurricane of 1900.) Additionally, in the last 
century, the continental United States has been extremely 
fortunate, as it has not sustained a direct landfall of a 
significant hurricane—Saffir-Simpson level 3, 4, or 5—on 
a major metropolitan area. However, with the rapid 
growth of many coastal communities and the increasing 
economic infrastructure of such regions, the potential for 
catastrophic loss of life and property on a large scale is 
a real possibility for North America. As such, the societal 
vulnerability to hurricanes has increased mostly as a 
result of an increased population at risk, the degree of 
complacency, and the recent increase in the incidence of 
intense category 3, 4, or 5 hurricanes (6). 

For coastal communities, the greatest threat to life 
is from the storm surge. In fact, 90% of all hurricane- 
related deaths in the United States has been from storm 
surge and flooding, with drowning being the principal 
mechanism of death (Table 18-3). For instance, in the 
Galveston hurricane, 6,000 deaths were attributed to the 
storm surge. More recently, in 1957, Hurricane Audrey 
produced a storm surge of more than 20 feet that ex- 
tended as far inland as 25 mi, resulting in 390 deaths in 
Louisiana (5). Despite numerous technological advance- 
ments in communications and weather forecasting, many 
of the coastal communities in the Americas are at risk 
for the effects of storm surge. The reason for this in- 
creased risk is multifactorial. First, the ability to predict 
the rapid storm intensification that can occur is limited, as 
was evidenced in Hurricane Andrew in 1992. Second, the 
present infrastructure of many coastal communities lacks 
the foresight in disaster planning, communications, and 
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D TABLE 18-3 Five Deadliest Hurricanes in the United 
States during the 20th Century 


Saffir- 
Simpson Deaths 
Year Hurricane Level (Estimated) 
1900 Galveston hurricane 4 8,000—12,000 
1919 Florida Keys and 4 600 
Texas hurricane 
1928 Lake Okeechobee 4 1,836 (actual) 
hurricane 
1935 Florida Keys 5 408 (actual) 
hurricane 
1938 New England 3 600 
hurricane 


From National Oceanic and Atmospheric Administration. National 
Hurricane Center home page. Available at: http://www.nhc.noaa.gov/. 
Accessed March 27, 2002. 


mitigation activities that are required to evacuate quickly 
and to limit the loss of life and property. Third, a high 
level of apathy has developed in many of the coastal areas 
of the United States with regard to storm potential. This 
has resulted from the fortuitous absence of a major hur- 
ricane striking a major metropolitan area in the United 
States. 

Inland deaths from hurricanes are directly related to the 
accompanying excessive rainfall and freshwater flooding. 
Most of these deaths are a result of flood victims drowning 
or of being caught in landslides or mudslides. More than 
1,000 fatalities occurred in Haiti from landslides brought 
about by the severe rainfall due to the Tropical Storm 
Gordon in 1994. Storm surge can also occur on inland 
bodies of water. Most notably, this type of a storm surge 
occurred on Lake Okeechobee in 1928, killing 1,836 people 
in the inland lowlands of Florida (6). In contrast to 
inland deaths associated with hurricanes, ocean deaths 
from hurricanes have dramatically decreased in the 
last century as a result of accurate weather forecasting 
and improved communications, navigation, and ship 
technology. However, in the 17th and 18th centuries, 
populations on the ocean were the most vulnerable to 
hurricanes. In the 17th century, more than 1,000 Spanish 
sailing vessels were estimated to be lost to hurricanes. 


HURRICANE-RELATED INJURIES 


The injury patterns most often associated with hurricanes 
cannot be adequately discussed in statistical terms. 
Currently, no reporting system exists for defining methods 
of documenting hurricane-related injury patterns. The 
required approach should be to manage disaster-related 
injuries as an illness or disease process. Only through a 
systematic method can injury prevention be undertaken 


with regard to hurricane-related injuries. Much of the 
literature on hurricane-related injuries is variable, and it 
lacks a consistency in injury classification. A recognized 
international standard for documenting hurricane-related 
injuries is not available, although an elegant classification 
system has been proposed by Noji (8). 


Injury and Illness Patterns in General 


With reference to most hurricane-related injuries, lacer- 
ations account for up to 80% of all injuries. Of these 
lacerations, most occur in the poststorm clean-up phase. 
After lacerations, the next most common injury is blunt 
trauma (18.2% to 36.5%) as a result of crush injury, flying 
missile impact, and falls. Puncture wounds account for 
the third most common injury (14.5% to 31.8%), also in 
concurrence with clean-up operations. Overall, most in- 
juries (80%) are confined to the feet and lower extremities 
as a result of stepping on debris or of self-injury during 
clean-up operations (8). 

As a result of these observed coarse injury patterns 
and the experience of Darwin Hospital, Darwin, Aus- 
tralia (9), a wound care protocol of meticulous wound 
cleaning, primary suturing of the skin only, and tetanus 
toxoid update in addition to prophylactic antibiotics is 
recommended for hurricane-related laceration. This rec- 
ommended protocol excludes primary tendon and tran- 
sected nerve repair. These two types of wound repair can 
be delayed. This wound management philosophy results 
from several important aspects of hurricane-sustained lac- 
erations: (a) most of the incurred lacerations are less than 
12 hours old on presentation to the emergency department 
or clinic; (b) most of the patients seen after the storm can 
be assumed to be homeless, and therefore regular sched- 
uled wound care may be difficult; and (c) suturing is an 
effective way to control bleeding (Table 18-4) (9). 

After the storm, one area that is often overlooked in 
disaster planning is routine medical care. Several reports 
of a tremendous increase in routine medical needs after a 
hurricane have been made. Most of these medical needs 
pertained to individuals who had lost their medications 
and therefore needed refills. Concurrent with this group 


) TABLE 18-4 Wound Management Guidelines from 
Darwin Hospital 


Most wounds are clean-cut lacerations less than 12 hr old. 

Most of the outpatients are essentially homeless, and regular dressing 
or other supervision of wounds if delayed suture is intended is out of 
the question. 

Bleeding is best controlled by sutures. 

All patients receive tetanus toxoid and antibiotics. 

No primary nerve or tendon suture is undertaken. 


Modified from Gurd CH. The health management of Cyclone Tracy. Med J 
Aust 1975,1:641—644. 
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are those patients with special needs, such as homebound 
patients, diabetic patients, spinal cord injury patients, 
and home oxygen-dependent or ventilator-dependent pa- 
tients. These patients often have a significant disruption 
in the home health care services on which they depend. 
Special hurricane shelters may need to be established 
with additional medical support and supplies, particu- 
larly oxygen and ventilator supplies, to care for these 
patients until home health care services are restored in the 
community. 


Inpatient Admissions 


Historic data from Cyclone Tracy in 1975, a category 
4 hurricane that struck the city of Darwin, Australia 
(population of 45,000), convey the following with ref- 
erence to inpatient admissions. Darwin Hospital received 
145 cyclone-related admissions. Approximately 41.4% of 
the inpatient admissions were for severe lacerations, and 
34.5% were for blunt trauma to the chest, head, and 
limbs. Closed blunt abdominal trauma accounted for 2% 
of the admissions. Some crossover occurred among these 
groups. This demonstrates that the hospital admission 
rate for a modern city sustaining a direct major hurricane 
is approximately 0.3% of the population. This percentage 
is expected to be increased in third world countries with 
less stringent building standards (9). 


PREHOSPITAL CONSIDERATIONS 
(EVACUATION AND EMERGENCY 
MEDICAL SERVICES) 


Prestorm evacuation along predetermined routes is an 
extremely important aspect of disaster mitigation. Such 
evacuations limit the casualties sustained during a storm 
phase of a hurricane strike. However, in many coastal 
communities of North America, the necessary road 
infrastructure for timely evacuation and later return 
following a hurricane is lacking. Hurricane Floyd in 1999 
resulted in the largest peacetime evacuation in the United 
States, with an estimated 2.6 million people evacuated 
from Florida, Georgia, and the Carolinas (10). This 
evacuation also resulted in the largest peacetime traffic 
jam. Concern stems from the congestion of evacuation 
routes, which prevents emergency medical service (EMS) 
traffic from functioning adequately. As a result, an increase 
in air transport requests for patients, particularly from 
the disaster scene, may occur. Coupling EMS transport 
services with police escort or highway patrol escort can 
facilitate ground transport to a limited degree. 

Air transportation services are often grounded before 
hurricane landfall because of weather conditions. During 
the storm phase, transport services are extremely limited. 
As a result, the time after the storm is the most critical 


phase for any EMS transport system, and this is when 
a high volume of transportation requests is received. 
Obstacles, such as downed power lines, flooded roadways, 
and road debris, are significant impediments to patient 
transport. Air services may take time to return to full 
service after the storm, and they might have sustained 
damage during the storm. One method to overcome many 
of the ground transportation limitations is to pair ground 
ambulances and EMS crews with electrical utility trucks 
manned with appropriate personnel. The utility personnel 
have the training and equipment to clear road debris, 
particularly downed electrical power lines. The brunt of 
patient transportation is then borne by the present ground 
transportation services. Ensuring that a redundancy of 
adequately trained personnel for ground EMS services 
exists is an important component in any community’s or 
region’s hurricane plan. 


HOSPITAL AND HEALTH CARE 
ORGANIZATION CONSIDERATIONS 


Basic Concepts 


Hurricanes do afford a degree of warning before land- 
fall. For a hospital within an area at risk, such as the 
coastal United States, storm preparation should com- 
mence months, if not years, before the landfall of a 
hurricane. Most important is the realization that a hos- 
pital or health care organization is a member of a much 
wider community. Successful preparation to respond to 
a hurricane is based on community-wide preparedness. 
It is imperative that hospitals not plan within a vac- 
uum, but base their preparations within the context of a 
community-wide disaster plan and community response. 
It is important to note that the Joint Commission on 
Accreditation of Healthcare Organizations has modified 
its disaster preparedness standards to include concepts 
of emergency management and community-wide involve- 
ment in the preparedness process. These modifications 
require an “all-hazards” approach to disaster planning 
using a chain of command system for management of 
community threats (11). 

Hospitals and associated health care organizations are 
expected to address four specific phases of disaster plan- 
ning: mitigation, preparedness, response, and recovery. 
Addressing these four phases allows enhanced flexibility 
and adaptability in coping with most of the contingencies 
that might be faced by a hospital within an area of risk 
from a hurricane strike. 

A hospital can take specific initiatives to weather 
a major hurricane successfully. Although many areas 
of preparation must be addressed, in brief, the nec- 
essary groundwork consists of an annually updated, 
well-organized, brief disaster plan based on the National 
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Incident Management System (NIMS) and integrated with 
a community-wide disaster plan, a near turnkey hospital 
command center (HCC), adequate emergency power gen- 
erators, and an emergency water plan (12). A hospital at 
risk should plan to be on internal electrical power (gener- 
ators) for at least 3 days and on alternate water supply for 
at least 4 days after the storm. The focus is on communi- 
cations, coordination, and survivable chain of command 
structures. 


Hospital Surge Capacity 


The ability of a hospital to expand medical care in response 
to a sudden health care service demand, an unfore- 
seen event or prolonged crisis, is the most fundamental 
component of any hurricane preparedness program. This 
expansion of a health care response is referred to as surge 
capacity and has two elements: point-in-time health care 
and longitudinal health care (11). Both these elements are 
dependent on personnel, space, bed availability, medical 
technology availability, medication reserves, and the ex- 
tent of damage sustained by the health care infrastructure. 
For a hurricane, the initial focus is on surge capacity for 
a limited period shortly after the passing of the storm. 
However, if the health care infrastructure is disabled, 
longitudinal health care becomes a major issue and can 
conflict with the ongoing health care needs of a commu- 
nity (11). Planning for this potential is imperative in any 
hospital or health care organization. 

Many hospitals in North America have adopted a form 
of incident command management known as Hospital 
Emergency Incident Command System (HEICS) to carry 
out their individual disaster plans (12). Its adaptation has 
created a degree of similarity in the quality, content, and 
details of individual hospital disaster plans. The leadership 
structure of HEICS requires representatives from among 
physicians, nursing services, hospital administration, and 
hospital support personnel. Hallmarks of an incident 
command management system or HEICS consist of the 
following: 


m A responsibility-oriented chain of command that pro- 
vides a manageable scope of supervision for all func- 
tions and positions within the HEICS nomenclature. 

m Wide acceptance through the commonality of mission 
and language. 

m Prioritization of responsibilities through the use of job 
action sheets. 

m Application to a wide range of different disasters and 
emergency operation events. 

m A format for the systematic documentation of the ac- 
tions taken in response to the crisis. 

m An organized, systematic transfer of resources (inter- 
nal and external) within a particular hospital system or 
from one facility to another. 


m Flexibility in implementation of the individual sections 
and subdivisions of HEICS. 

m Minimal disruption to existing hospital departments 
by virtue of parallel job qualifications and responsi- 
bilities. 

These important hallmarks allow for a flexible and 
rapid response to events before, during, and after the 
storm and to the needs that a hospital will face in 
the event of a major hurricane. The actual application 
of HEICS in a real-time crisis depends on a hospital's 
facility resources as they apply to command, control, 
coordination, and communications. In principle, what is 
required is an integrated response that is managed from 
either an incident command approach or a more unified 
leadership approach encompassing multiple authorities. 
As for a physical environment that allows the disaster 
management/leadership to operate effectively, it is often 
the HCC. 


Hospital Command Center 


Ideally, the HCC is a conference room with multiple and 
redundant communication adjuncts that can comfortably 
accommodate the HEICS staff. This center is the focus 
for coordinating all hospital activity through all phases 
of the hurricane or disaster and into the postrecovery 
period. The communication adjuncts consist of several 
landline telephones, including direct telephone lines to 
the county emergency operations center, operating room, 
blood bank, and emergency department. Additionally, 
cellular telephones, Internet access, hospital data system 
access, local and national television network access, and 
weather information access should be available at the 
HCC. Two-way, battery-powered 800 MHz radios, and 
runners are other integral components of any HCC. An 
in-hospital amateur radio station with 24-hour coverage 
can be extremely beneficial, but it should be located 
close to the HCC. Any hospital having an HCC should 
have an alternate site in case the HCC is damaged 
or becomes inoperable. In summary, the concept of 
HCC is that of a communications funnel that provides 
the HEICS staff with the best information on hospital 
operations and the community status before hurricane 
landfall, during a hurricane, and through the postrecovery 
phase. 

Finally, one area of hospital preparation that is often 
overlooked is the education of hospital personnel as to how 
to weather a hurricane successfully. This can be accom- 
plished through a carefully developed employee hurricane 
preparedness manual. Coupled with an annual hurricane 
preparations seminar and new employee orientation, such 
a program becomes invaluable. Of all the resources that 
are critical to hospital operations during any disaster, the 
employees are its most valuable resource. 
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Electrical and VVater Resources 


Emergency electrical power for a hospital at risk is often 
a critical issue in successfully weathering a major hurri- 
cane. Before any storm landfall, a complete assessment 
of the emergency power system should be undertaken. 
This assessment includes identifying which systems and 
departments are on the emergency electrical grid, deter- 
mining whether the grid is a series grid or parallel grid, 
and fuel and generator status. Most hospitals do not have 
power generation capabilities for running the entire hos- 
pital. Rather, most emergency electrical power systems, 
selected critical systems, and areas of the hospital are 
not designed to operate for an extended time. Knowing 
what services can be provided by the laboratory, radiology, 
surgery, and emergency medicine departments and by the 
ancillary support on emergency generators is important in 
determining the level of overall hospital services that can 
be provided after the storm. An often overlooked aspect 
of hospital emergency power systems is the location of 
the generators and the type of grid system. Generators 
in an easily flooded hospital basement are a prelude to 
compounding the disaster. Ideally, emergency generators 
should be placed in a secured area of the hospital that 
is not prone to flooding or disruption. In addition to ap- 
propriate generator placement, an electrical grid system 
that is in parallel and can have sections easily isolated is 
necessary. Adequate and safe fuel storage is a major issue; 
storage should be in a secure area within the hospital 
complex. Moreover, hospital generators are often never 
tested for an extended period of time. Long-term running 
and testing of the hospital’s generators is critical because 
most component failures occur only after a generator has 
sustained a supersaturation of heat throughout the man- 
ifolds and cylinder heads. The time required for this to 
occur is more than 1 hour. Finally, the emergency grid 
cannot be tested fully unless it is tested completely off line 
with a full generator load. 

Emergency water supplies and contingencies are just 
as critical as emergency power generation. A plan should 
be in place for water conservation and alternative water 
supply for every hospital and dialysis unit. With local 
flooding after the storm, functional water treatment facili- 
ties can be inoperable. A plan for backfilling the hospital’s 
water system and maintaining pressurization is impor- 
tant. Backfilling can be accomplished with the conversion 
of a large swimming pool into a holding and particulate 
settling tank or with large portable water blivets. Addition- 
ally, water tanker trucks, on-site well water, and internal 
water storage may be required for maintaining pressuriza- 
tion. Limiting internal water usage can be accomplished 
by using bottled water for cooking and drinking, wash- 
ing hands with a waterless solution, curtailing flush toilet 
use, and setting up portable outdoor toilets. Laboratory 
testing can be limited to routine chemistry and complete 


blood cell counts. Radiology can be confined to routine 
radiographs. Computed tomography and magnetic reso- 
nance imaging, which require water for cooling and film 
processing, should be restricted. Primary chemotherapy 
and radiation therapy can also be curtailed to further re- 
strict hospital water consumption. Once an emergency 
water system is operational, these restrictions can be 
reduced. 

Of special note are dialysis centers that use large 
volumes of ultra-pure water. Restricting patient access is 
impractical because renal dialysis is both time dependent 
and date dependent. Fortunately, most cities have more 
than one dialysis center. One solution to this problem is to 
focus resources, both electrical and water, at one dialysis 
center, which then operates on a 24-hour basis. Support 
personnel for this extensive operation can be consolidated 
from other dialysis centers. However, this solution takes 
resourceful coordination and strong leadership from all 
the physicians involved in the care of dialysis-dependent 
patients. Another solution is to transport patients to 
nearby, out-of-disaster zone, operational dialysis units. 
However, this particular solution can place an enormous 
strain on an already compromised transportation system 
and infrastructure. A modification of this approach is 
the establishment of collection points for transport of 
dialysis-dependent patients to an identified or prearranged 
poststorm dialysis unit. Such collection points can be 
hurricane Red Cross shelters or even private medical 
clinics. 


Medical and Personnel Logistics 


The availability of sufficient medical supplies after the 
storm is a critical issue because many hospitals operate 
on a limited stock warehouse system. Medical supply re- 
sources should focus on additional blood products, suture 
kits, tetanus toxoid, crotalid antivenom, broad-spectrum 
antibiotics, and general trauma surgical supplies. 

Adequate personnel for hospital and emergency de- 
partment operations is another major issue. Before a 
hurricane, critical personnel may evacuate with the gen- 
eral population. During the storm, hospital personnel 
often want to be at home with their families. Further- 
more, hospital personnel may not be able to travel to the 
hospital after the storm because of impassable roads and 
flooding. One solution is to sequester critical personnel 
with family members in the hospital before hurricane 
landfall. This is an unpopular action but, at times, a nec- 
essary one; however, it does place an additional burden 
on hospital resources. Areas within the hospital or safe 
areas outside the hospital need to be established for ad- 
ditional family members, for childcare, and for sleeping 
quarters for off-duty staff. Hospital food services need to 
be enhanced so that they are well stocked before landfall 
to be able to handle the additional influx of people. 
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One recurrent phenomenon after a storm is the large 
number of people from the community who come to 
the hospital seeking food and shelter. In a community 
without electrical power or with a compromised clean 
water system, often the hospital food services provide the 
only open cafeteria. Restricting hospital food services to 
inpatient and employee use is unethical. Furthermore, 
hospitals often become a source of refuge for hurricane 
victims. As such, the typical daily food services require 
significant enhancement for poststorm recovery. 


Emergency Department Preparations 


During the storm, a lull in emergency department patient 
admissions is seen. Immediately after the storm is when 
the bulk of the casualties present to the emergency de- 
partment. Personnel resources should include enhanced 
emergency department coverage and trauma surgical ser- 
vice coverage during this period. These personnel should 
include extra physicians, physician extenders, nurses, and 
ancillary support personnel. Often, an overflow clinic that 
is organized to take care of minor lacerations and injuries 
is sufficient. This can consist of a modified family prac- 
tice clinic with the emergency department as the main 
triage point. With the majority of hurricane-related in- 
juries confined to lacerations, especially those involving 
the lower extremities, additional medical supplies for ei- 
ther the emergency department or overflow clinic should 
focus on extra suture kits and/or carts, tetanus toxoid, 
and broad-spectrum antibiotics. An overflow clinic should 
plan to be active for at least 1 week after the storm or 
until the emergency department can adequately process 
and treat the influx of storm-related injuries. Addition- 
ally, social services and psychiatry services should be 
enhanced to manage the numerous social and psychiatric 
problems that occur after the storm. Concurrent with 
the enhanced psychiatry services, crisis teams for stress 
debriefing should be established specifically for medical 
personnel who find themselves overwhelmed in the storm 
recovery phase. 


COMMUNITY HEALTH NEEDS 
ASSESSMENT 


Rapid assessment of a community’s health needs follow- 
ing a hurricane is an important first step in guiding 
relief efforts. The cluster sampling methods have been 
very useful; they were used for Hurricane Marilyn in 
1995, Hurricane Opal in 1995, and Hurricane Andrew in 
1992 (13,14). These methods provide early object data that 
can be used in determining community health care needs. 
Survey teams dispatched to hurricane shelters and tempo- 
rary living facilities with a specific epidemiological survey 
can provide the necessary data in a timely and reliable 


manner to assess the full health impact of the hurricane. 
Such teams were deployed in the recovery phase of Hur- 
ricane Floyd in 1999. Objective data from health needs 
assessments and morbidity surveys allows for the con- 
servation of medical and monetary resources. Even more 
importantly, these data are critical in decision making 
and resource prioritization by disaster management and 
health care professionals. The Centers for Disease Control 
and Prevention gives the following four recommendations 
for enhancing surveillance in a disaster (13): 


m Use a refined statistical method for population size 
estimate. 

m Employ a cadre of trained surveillance workers to 
collect the data. 

m Establish and use a standardized assessment tool. 

m Clearly define whether an illness or injury is disaster 
related. 


COMMUNITY HURRICANE SHELTERS 


The medical aspect of community hurricane shelters is 
very important. Often, the health care for hurricane 
shelter refugees is a function of the Red Cross with 
nurse volunteers. Nevertheless, this responsibility may 
be given to other medical personnel. Additionally, careful 
consideration must be given to the type of structure in 
which the shelter is located and whether the wind loads are 
within the limits defined by the approaching hurricane. 
Adequate potable water, food provisions, and personal 
hygiene resources are critical to shelter operations. Some 
simple guidelines for facilitating shelter health care 
include the following: 


m Sick patients or patients with debilitating disease 
processes should not be maintained in a community 
hurricane shelter. At the earliest opportunity, these 
patients should be evacuated to a hospital or a 
special needs shelter with an appropriate medical 
care environment that meets their specific health 
requirements. Community hurricane shelters are for 
relatively healthy refugees and not sick or debilitated 
patients. 

m Nursing protocols for the care of routine medical 
problems should be established when the shelter opens. 
These protocols should be approved by a supervising 
physician, often the local public health officer or another 
responsible physician. 

m Prepositioning routine medical supplies and first aid 
equipment at designated community shelters is not only 
prudent but also good resource management. If these 
supplies are time sensitive, they will require routine 
monitoring. 

m Telemedicine links to a primary care hospital can 
be invaluable in the health care management of 
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shelter refugees. Telemedicine links vvith a physician 
or specialty physician can provide for the health care 
needs of a patient on a real-time basis. Additionally, 
telemedicine can facilitate the heath care needs assess- 
ment of a shelter population. 


Special Medical Needs Sheltering 


Special medical needs refers to the physical, emotional, 
and/or medical conditions of patients who are not able 
to meet their basic medical needs during a 48-hour 
emergency period without special assistance beyond that 
provided by family or friends. This level of care goes 
beyond that provided by the basic first aid available in 
most general public shelters. The requirement is a special 
medical needs shelter that can provide the level of care 
and resources necessary for this population subset. This 
shelter can either be a separate shelter or part of a general 
public shelter. A key point in the care of the special 
medical needs patient is that caregivers are expected to 
accompany the patient along with all available resources 
and medication to the special needs shelter, and caregivers 
are expected to make arrangements for their own relief. 
The special needs shelter can be an auxiliary hospi- 
tal facility, a medical practice building, a rehabilitation 
center, or primary care center. Other facilities that may 
serve this role are nursing homes, group homes, adult 
care facilities, and Developmental Disabilities Adminis- 
tration (DDA) homes. Designated special needs shelters 
should conform to Americans with Disability Act (ADA) 
requirements and American Red Cross hurricane shelter 
selection guidelines. Emergency power in the form of ded- 
icated electrical generators should be available along with 
refrigeration capacity. Food preparation areas, refrigera- 
tion, and supplies for special diets should be within the 
shelter along with water supplies and solid waste disposal. 
Space provided should be 40 to 60 sq ft per individual or 
a minimum of 2,000 to 3,000 sq ft per shelter. A Special 
Medical Needs Registry can facilitate the identification 
and care of the special medical needs population. This 
registry is conducted and maintained at the county level, 
usually the county EMS office. This registry consists of 
a voluntary registration process and assures that social 
services officials can identify and assist individuals requir- 
ing assistance or special medical needs sheltering. Finally, 
opening a special needs shelter is of first priority at the ap- 
proach of a hurricane as many of the individuals requiring 


this level of care also require additional assistance and 
time in relocating to a special needs shelter. 


CONCLUSION 


Hurricanes are one of nature’s most devastating weather 
phenomena. Planning for a major hurricane takes place 
months to years before storm landfall. With the increasing 
population growth along coastal regions, the lack of 
adequate mitigation planning and infrastructure, and the 
level of complacency of a population at risk, a tremendous 
potential for a catastrophic disaster exists. Through 
careful meticulous preparation, attention to appropriate 
and timely mitigation strategies, and a flexible but simple 
hurricane management plan, a community or hospital can 
survive the devastating effects of a major hurricane. 
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Chapter 19 


Floods 


James Poole and David E. Hogan 


“Water, taken in moderation, cannot hurt anybody.” 
Mark Twain (1) 


In the first known written epic of mankind, Utnapishtim 
relates the story of his escape from the great flood, to the 
Sumerian hero Gilgamesh (2). Ancient accounts of seven 
sages being protected from a great flood by Manu, the 
“Father of Mankind”, and deposited safe on the highest 
peak of Himavat (The Himalayas) are a core creation story 
within the Mahabharata, a Hindu epic (3). The story of 
Noah and the preservation of mankind from a great flood 
is well known from the Torah and Bible. Almost every 
current and past civilization on our planet has a flood 
story within its mythos. These stories of great floods and 
the interaction of the human race with them indicate just 
a fraction of the long history our species has apparently 
had with flood-related disasters. 


FREQUENCY AND IMPACT 


Floods may be defined as the condition that occurs when 
water overflows the natural or artificial confines of a 
stream, river, or other body of water, or accumulates 
by drainage over low-lying areas (4). Floods are the 
most common of all natural disasters and generally cause 
greater mortality than any other type of natural hazard. 
Floods account for 40% to 50% of all disasters and 
disaster-related deaths worldwide, with 70% of modern 
era deaths caused by flooding occurring in India and 
Bangladesh (5-7). The Chinese civilization has battled 
the Yangtze River for thousands of years. Despite their 
immense labor, even their flood control efforts were 
sometimes in vain as evidenced by the 1887 flood of the 
Hwang Ho (Yellow) River, which took nearly one million 
lives and left two million homeless (5). 

The United States has also seen its share of flood-related 
disasters. The most deadly of these floods to date occurred 
in 1889 in Johnstown, Pennsylvania. The South Fork Dam 
on Lake Conemaugh was overwhelmed by a combination 
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of poor maintenance and a night of heavy rains resulting in 
2,200 lives lost (8). In 1976, 135 people died in the narrow 
and mountainous Big Thompson Canyon in Colorado 
when flash floods due to thunderstorms increased the 
flow through the Canyon more than 200 times normal (9). 
In the summer of 1993, 48 people died when, after a series 
of heavy rains, nine states were impacted by flooding as 
the Mississippi River and its tributaries overflowed their 
banks. In addition to loss of human life and disruption 
of services, this flood carried a $20 billion price tag (10). 
Fig. 19-1 demonstrates the deaths due to floods in the 
United States from 1903 to 2004. 


FLOOD PRECIPITANTS 


There are multiple causes and precipitating events that 
lead to flooding. The most common flood-inciting events 
include flash floods caused by sudden, heavy rains; rapid 
ice melts; and slow-moving weather fronts. Location, to- 
pography, and climate of the impacted area also play a 
roll in the severity and frequency of the flooding. In tropi- 
cal coastal regions, hurricanes produce storm surges, and 
spawn multiple rainstorms over areas much wider than 
that impacted by the mass of the storm itself. These effects 
can reach more than 500 miles inland as seen with recent 
hurricanes. Tsunamis created by suboceanic earthquakes 
and landslides may also rapidly deluge coastal areas (see 
Chapter 25). The terrain also contributes to the extent 
of devastation caused by flooding. There is a statistically 
significant increase in mortality when flooding occurs 
within mountainous and narrow river valley areas (11). 
This is likely due to the reduced absorptive capacity of 
the rocky land and the rapid elevation drops associated 
with the mountainous terrain, coupled with the difficulty 
in obtaining warnings and escaping canyon areas. 

The current trend of global warming is projected to 
have an impact on the frequency of floods worldwide (12). 
As the overall temperature of the oceans increases, the 
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rate of surface evaporation increases resulting in more 
condensation and cloud formation at higher altitudes. 
This then increases the frequency of precipitation deliv- 
ered to the earth’s land masses in the form of torrential 
downpours, tropical storms, and hurricanes/tropical cy- 
clones (7). If worst-case scenarios are accurate, continued 
global warming from the greenhouse effect may melt 
substantial amounts of the polar ice caps resulting in in- 
undation of low lying coastal regions. Such changes in 
sea level not only result in coastal flooding but also cause 
increases in coastal aquifer salinity, decreased crop yield, 
storm surge drowning, related injuries, and the associated 
health problems of displaced coastal populations (12). 
There are four major oceanic temperature oscillations 
that have a substantial impact on the world climate. Of 
these oscillations, the strongest and most consistent is 
the El Nifio-Southern oscillation (ENSO). The term “El 
Nino” stems from the name initially applied to the an- 
nual warming in surface temperature off the coast of Peru 
around Christmas time. The term has now been extended 
to denote a much larger anomalous warming pattern, 
extending from coastal Peru to the International Date 
Line and impacting the Pacific basin (13). Geophysical 
evidence exists to indicate that the ENSO phenomenon 
has been operational for thousands of years as a natural 
climate cycle that we have only recently recognized. Al- 
though our current understanding of this oceanic thermal 
oscillation is incomplete, we have identified some consis- 
tencies in its behavior. The ENSO phenomenon seems to 
cycle between an episode of increased water temperature 
(the El Nifio) and a period of generally cooler water tem- 
perature (the La Niña). The average periodicity of these 
phases is approximately 3 to 6 years, with the highest 
intensity lasting approximately 1 year. Convection and 
thunderstorm formation are promoted over warm waters. 
As such, the patterns of rainfall over the tropics and much 
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of the rainfall near tropic areas are directly related to 
the thermal character of the oceans. These thermal oscil- 
lations result in substantial changes not only in the sea 
surface temperature and frequency of storm generation 
but also the sea level, global wind, and jet stream patterns. 
As such, the ENSO phenomenon is associated with large 
variations in weather and general planetary climate from 
year to year. These oscillations impact human society by 
resulting in floods, drought, heat waves, and other cli- 
matic events (12,13). Although our understanding of such 
oceanic thermal oscillation has improved, our predictive 
abilities are still quite imperfect. 

The incidence of flooding remains fairly steady over 
the short term for a given region. However, as populations 
and urbanization increase, buildings, paved surfaces, and 
other man-made changes in surface water absorption 
rates will alter the local land topography and hydrological 
characteristics. Eventually, enough alteration in the water 
runoff results in local and downriver water flow rates that 
exceed the capacity of the tributaries and major rivers. 
With these capacities exceeded or “at maximum” during 
normal rainfall rates, it requires only a small increase in 
the available water to raise these rivers to flood levels. 
Magnify this by the fact that people tend to live close to 
rivers and in floodplains and the recipe for flood-related 
disasters is complete. 

Construction of levees, retention ponds, and other flood 
abatement projects may benefit local communities, but 
may increase flooding in other areas if the overall impact 
of such constructions is not anticipated. The so-called 
“Great Mississippi Flood of 1927” is a good example of 
the impact of levee construction on downriver flooding 
and the difficulties in making accurate predictions. This 
flood resulted when the Mississippi River broke out of its 
levee system in 145 places and caused flooding of more 
than 70,000 km? (27,000 sq mi). The flooded area was 
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inundated up to an average depth of 10 m (30 ft). The 
flood caused more than $400 million in damage, killed 
246, and displaced more than 700,000 people across seven 
states and ranks as the most destructive disaster to date 
in the United States by most estimates. Arkansas vvas the 
hardest impacted state with more than 13% of its territory 
submerged under flood water (14). As the flood careened 
toward New Orleans, 30 tons of dynamite was detonated 
on the levee at Caernarvon, Louisiana, to breach it in an 
effort to decrease the flood impact on New Orleans itself. 
The city was saved; however, it was later discovered that 
the destruction of the Caernarvon levee was unnecessary 
as other levee breaks upstream had decreased the flow 
sufficiently (14). During the 1993 flooding of the Missis- 
sippi River, many levees constructed to protect particular 
areas actually caused substantially increased water levels 
at other locations downriver. Some levees had to be dis- 
mantled or purposefully breached to allow water release 
upriver to protect more vital regions downstream. 

The rate at which a flood develops and the effectiveness 
of any warning given are two major factors associated 
with the morbidity and mortality from flooding. The over- 
whelming majority of deaths related to floods are due to 
flash flooding (5,7,15). Flash flooding claims nearly 200 
lives annually in the United States. A flash flood is de- 
fined as a flood that rises and falls rapidly, usually as 
a result of intense rainfall over a small area, in a short 
amount of time, usually less than 6 hours (4). Peak timing 
of flash floods falls between July and September in the 
United States (11). The incidence of flash floods in the 
United States is increasing; however, the mortality from 
these floods is decreasing. This decrease in mortality par- 
allels advances in the National Weather Service (NWS)’ 
advanced warning system (11). This underscores the im- 
portance and effectiveness of an advanced early warning 
system to save lives from flash floods. 


FLOOD PREDICTION AND ADVANCED 
WARNING SYSTEMS 


Warning has been identified to be a substantial factor 
in decreasing mortality from flash floods by more than 
50% (11). In the United States, flash flood watches and 
warnings are issued by the NWS. The advanced warning 
provided is based on known and estimated precipitation 
within specific areas, saturation of runoff areas, and lake 
and river levels. The NWS utilizes a two-tiered system to 
alert the public of flood activity: a flood watch is issued 
when conditions are such that flooding may occur with 
additional rainfall and a flood warning is issued when 
flooding is imminent or already occurring. 

The Advanced Hydrologic Prediction Service (AHPS) 
was created in the wake of the 1993 Midwest floods and 
deployed in a test package along the Des Moines river 
basin. The AHPS is a web-based system that provides 
rapid and accurate graphic-based information on flood 
risk and conditions. Data provided include flood forecast 
levels for rivers, and probabilities of specific rivers exceed- 
ing minor, moderate, or severe flood stages. In addition, 
90-day projections for specific points along a given river 
are provided with the probabilities that the river will ex- 
ceed certain levels of volume and flow rates at that point. 
Finally, maps of the area surrounding these points are 
available that demonstrate the probabilities for flooding 
of major roads, railways, landmarks, and other structures 
as well as the levels of past floods. The AHPS has been 
expanded considerably from its initial test basin to in- 
clude most major river basins within the United States. 
Fig. 19-2 demonstrates one of the graphical interfaces 
of the AHPS. The AHPS information is available online 
(www.nws.noaa.gov/oh/ahps/). Currently, only the major 
hydrometerological landscapes in the United States are 
covered. The AHPS is guided by data gathered by stream 
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FIGURE 19-2. Graphic interface from Alaska 
the Advanced Hydrologic Prediction Guam 
Service. (Available at http://nws.noaa. ae 
gov/oh/ahps/. Accessed on August 20, Puerto Rico 
2005 with permission.) 
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gauging performed by the United States geological sur- 
veyors. Each of these advanced vvarning systems utilizes 
Doppler radar, satellite imagery, Geographical Informa- 
tion Systems (GIS), and an advanced fund of scientific 
meteorological knowledge to make its predictions. 

Globally, other countries are following suit, as the hu- 
man and economic benefits of advanced warning systems 
are realized. Most European countries, Canada, India, 
Bangladesh, New Zealand, and the Philippines utilize 
a similar system known as the Flood Forecasting and 
Warning Response System (FFWRS). Southern African 
nations have developed the Southern African Regional 
Climate Outlook Forum (SARCOF). Most of these systems 
incorporate five phases: (a) flood forecasting, (b) fore- 
cast interpretation and message formulation, (c) warning 
preparation and dissemination, (d) responses, and (e) re- 
view and analysis (16). 


FLOOD PHASES 


Floods follow the classic life cycle of disasters and 
may be discussed under these divisions. During the 
quiescent (interflood) phase people populate fertile, low 
cost floodplains. Vigorous construction and development 
often occurs within such floodplains causing alterations 
in surface water absorption and runoff characteristics. 
Because floods are recurring events, interventions may be 
implemented during the interflood period to minimize the 
damage that will result from the next flood. Complacent 
citizens should be reminded not to allow a repetition of 
history if they are building on a previously flooded home 
site. In some settings, identification of flood-prone areas 
may be met by the construction of flood control measures 
such as dikes and levees, and by dredging. However, these 
engineering measures should be designed with the entire 
hydrological system in mind to avoid adverse impact of 
one project on another. A disaster plan should be installed 
and publicized with regard to water potability, solid 
and liquid waste management, evacuation routes, utility 
hazards, and general flood-related safety. Finally, multiple 
means of public communication should be explored and 
implemented. 

During the prodrome phase, precipitation increases 
either from rain or snowfall or from melting snow or 
ice. Lake and river levels begin to rise. The length and 
abruptness of this phase play a key role in flood morbidity 
and mortality (hence the lethality of a flash flood). The 
NWS may then announce a flood watch or warning for 
specific areas. Any previously designed flood disaster plans 
should be initiated by the municipalities, agencies, or 
individuals under threat. 

During the event phase, the land is overrun by water. 
Concurrent interventions may include evacuation orders, 
water rescue team mobilization, frequent assessments and 


public announcements regarding water potability, general 
public advisories with reference to flood safety, implemen- 
tation of refugee centers, and setting up accessible medical 
clinics. Flash floods carry the highest rates of mortality but 
riverine flooding usually impacts larger areas, with more 
overall disruption of infrastructure. The 1993 Mississippi 
River flood displaced hundreds of thousands of people 
across a nine-state region (17). A total of 75 towns were 
completely inundated by the floodwaters (18). Although 
adequate warning for this type of flooding is usually pro- 
vided, many people remain with their property until the 
last possible moment. As people then try to escape from 
the flood, they commonly drive through the water that is 
covering the roadways. Of the 27 deaths that occurred in 
Missouri during the 1993 flood, 75% were related to motor 
vehicle crashes (19). Most of these were due to driving on 
roadways that were overwhelmed with water. As little as 
0.6 m (2 ft) of water flowing across a road is sufficient to 
carry away most cars (20). 

Recovery efforts are usually initiated before the onset of 
water recession and may last weeks to years. Interventions 
during the recovery phase consist primarily of contin- 
ued public announcements and education, infrastructure 
repair, debris management, repair, reconstruction, and re- 
location. Public health surveillance and interventions are 
initiated where indicated. The public should be monitored 
for infectious disease outbreaks, increasing morbidity of 
endemic diseases, and general injuries. Cleanup during the 
recovery phase produces a variety of injuries. Increases in 
toxic exposures and pediatric ingestion of cleaning solu- 
tions are seen (6,21). 


FEDERAL FLOOD PROGRAMS 


A number of federal programs have been devised to 
assist in flood recovery and floodplain management. The 
focus of most federal efforts in flood management has 
shifted from the construction and reconstruction of flood 
mitigation projects to a “nonstructural” approach. This 
consists primarily of programs designed to accomplish: 
(a) acquisition, relocation, elevation, and flood-proofing 
of existing structures, (b) rural land easements and 
acquisitions, and (c) restoration of wetlands (22). Although 
death rates due to floods continue to decrease, the cost 
(in adjusted dollars) continues to rise. The “nonstructural” 
approach to flood relief is targeted at providing assistance 
where needed, yet decreasing the future economic impact 
of floods by decreasing risk. 

The National Flood Insurance Program in the United 
States bases insurance premiums partly on a Community 
Rating System (CRS). Communities can improve their 
CRS and lower their flood insurance premiums through 
both flood mitigation planning and public safety cam- 
paigns (23). For decades, the federal response to flood 
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disasters was essentially restricted to construction of flood 
control works and providing disaster relief to flood vic- 
tims. This approach did not reduce losses during the next 
flood or discourage unwise development in high-risk ar- 
eas. Compounding the problem was the fact that insurance 
companies would not underwrite or sell flood insurance 
to the public. In addition, building techniques to reduce 
damage were often overlooked. In the face of mounting 
flood losses and escalating costs of disaster relief to the 
general taxpayer, the US Congress created the National 
Flood Insurance Program in 1968. Their intent was to re- 
duce future damage and to provide protection for property 
owners from potential losses through an insurance mech- 
anism that allows a premium to be paid by those most in 
need of the protection. The program is administered by the 
Federal Emergency Management Agency (FEMA). FEMA 
produces Flood Insurance Rate Maps that show areas 
subject to flooding. The flood risk information presented 
on the Flood Insurance Rate Maps is based on histori- 
cal, meteorological, hydrological, and hydraulic data, as 
well as open-space conditions, flood control works, and 
development. This program allows the public to obtain 
flood-related insurance at a risk-based rate to assist in re- 
covery issues after a flood. The identification of high-risk 
locations also allows the public to consider other options 
such as relocation or flood-proofing if applicable. 


MECHANISMS OF INJURY 


The leading cause of death in floods is drowning and most 
of these deaths are associated with flash flooding rather 
than the slower riverine flooding (24). Event phase injuries 
may be caused by fast moving water containing sediment, 
trees, boulders, and other large objects. Drowning in this 
setting is likely due to individuals underestimating the 
power of the current or depth of the water during late 
evacuation or attempted salvage activities. Flood workers 
close to water should never work alone and should wear 
Coast Guard-approved flotation devices when there is any 
risk of entering the water. Many flood-related deaths can 
be attributed to motor vehicle-related drowning caused 
by driving into high water or associated trauma from 
failure to maintain control of the vehicle on water slick 
roadways. More than 57% of all flood fatalities in the 
United States that are due to flash floods are associated 
with motor vehicles (11,18). The most common scenario is 
of the casualty driving an automobile into swiftly moving, 
rapidly rising flood waters. Such water is deceptively 
strong. Fresh water moving at 6.44 kph (4 mph—a brisk 
walk) exerts a force of approximately 98 kg per m? (66 Ib 
per ft?) on anything it encounters. Double the water 
speed to 12.84 kph (8 mph) and the force increases to 
approximately 393 kg per m? (264 lb per ft”). This is 
enough energy to svveep almost all private vehicles off 


a roadvvay if the vvater depth reaches the bottom of the 
doors. Motorists must be aware of the significant risk of 
driving into areas inundated by flash flooding. In Missouri 
during the 1993 Mississippi River flood 75% of all flood- 
related deaths were vehicle related (19). Additionally, 
flooding commonly leads to changes in usual traffic 
patterns catching many drivers off-guard. 

Hypothermia with or without submersion injury is 
seen in some flood casualties and may occur at any 
season during a flood. However, the potential risk for 
severe hypothermia (and other cold-related injuries) is 
elevated in floods due to ice dam breakage. Rivers in 
colder climates develop ice sheets over their surfaces. 
As the weather warms, the ice sheets fracture and flow 
downstream. Occasionally, large sheets meet obstructions 
and pile up preventing further water flow. Water builds up 
behind such ice dams resulting in a slower riverine type 
flood above the ice dam. Eventually, the ice dam melts 
sufficiently to fracture, usually catastrophically, resulting 
in a flash flood of nearly freezing water. Individuals 
overcome by such a flash flood are clearly at risk for 
cold water drowning and hypothermia. 

Water does not have to be ice cold for hypothermia 
or other cold-related injuries. Most flood water is well 
below human core body temperature. As such, prolonged 
exposure to flood water may result in hypothermia 
and other immersion-related injuries (see Chapter 21). 
Homeless individuals displaced by storm activity are at 
risk for hypothermia; cold rain, floodwaters, and ethanol 
consumption are the other risk factors. 

Electriccal injuries occur with flooding. As standing 
water is a coexistent condition of floods, standing water 
anywhere close to electrical lines, circuits, or equipment 
represent a potential electrical hazard. Great caution 
should be observed when entering such areas and all 
circuits should be de-energized at the main breaker before 
open entry to a flooded site. Electrical workers are at 
increased risk due to repair activities on damaged lines and 
equipment and are the most common electrical casualties 
seen during floods (25,26). It may not always be possible 
to de-energize power lines in this setting. Electrical burns 
may also be suffered from electrical circuit arcs. Downed 
power lines and displaced batteries are common causes of 
electrical injuries. Both should be assumed to be carrying 
electrical current and avoided. 

Burns and explosions caused by floodwaters disrupting 
propane and natural gas lines and tanks, power lines, and 
chemical storage tanks do occur despite the overabun- 
dance of water. Fires and explosions may be inaccessible 
to responding fire departments due to obstruction of the 
roads by water and debris. Oil and other flammable, non- 
polar, low density liquids may allow fires to spread along 
the surface of floodwaters (24). All flammable or otherwise 
volatile gas tanks should be secured and shut off during 
the prodrome phase of the flood. 
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Musculoskeletal injuries are a frequent condition asso- 
ciated with floods. The heavy work associated with flood 
response and recovery places individual workers at risk 
primarily for back, knee, and shoulder injuries (27). Proper 
lifting techniques and team lifting for heavy objects or ma- 
terials as well as good work-rest cycles will help decrease 
the frequency of these injuries. Falls from ladders, sprains, 
and strains are frequently the result of novice home repair 
efforts after floods. Likewise, serious soft tissue wounds 
may occur as unseasoned individuals employ chainsaws 
to clean up fallen trees and other debris (28). Lacerations 
seen among flood victims are frequently contaminated. 

Animal displacement commonly occurs during periods 
of flooding. Displaced domesticated animals, rats, insects, 
and reptiles often result in an increased incidence of 
bites. This displacement may also lead to more encounters 
with potentially rabid creatures, and other zoonotic dis- 
eases (17,29). 

Skin contact with floodwaters does not, by itself, pose 
a serious health risk (30). The risk of possible estuary- 
associated syndrome (PEAS) due to Pfiesteria piscicida is 
actually thought to decrease during periods of coastal 
flooding (31). However, floodwaters may directly or 
indirectly contaminate drinking water. Floods commonly 
expose wells and reservoirs to pesticides, fertilizers, and 
animal waste. Water potability is closely linked to solid 
waste management. Plans for solid, liquid, and food waste 
management should be devised during preflood times. 
Unsanitary water has been shown to contribute to an 
increase in several communicable diseases (32). Therefore, 
only drinking water known to be safe should be used. 
Potable sources of drinking water include bottled water 
or water brought to a rolling boil for 5 minutes. Water 
treated with chlorine or iodine tablets will not always kill 
parasitic organisms (33). Public water supplies must be 
protected from floodwaters. In the Midwest flood of 1993, 
Des Moines, Iowa’s only water treatment plant became 
submerged in the rising flood. This resulted in a citywide 
problem impacting individual flood victims, as well as 
municipal and medical entities (29). 

Communicable diseases are a concern during any disas- 
ter, but are rarely associated with flooding (6,33). Although 
most studies demonstrate no major infectious disease 
outbreaks, an increased incidence of communicable dis- 
eases during times of flooding is theoretically possible due 
to: (a) overcrowded refugee camps with insufficient sani- 
tary facilities, (b) water purification and sewage treatment 
disruption, (c) compromised personal hygiene, and (d) in- 
creased vector populations (34). There were no infectious 
disease outbreaks identified during the 1993 Midwest flood 
or during the 5 weeks of flood conditions after Hurricane 
Andrew (17,29,35,36). 

A review of 5 years’ worth of epidemiological data on 
hurricane-related flooding during 1979 in the Dominican 
Republic discovered an increased incidence in four of five 


diseases investigated. Increases in gastroenteritis, typhoid, 
paratyphoid, measles, and hepatitis were identified. The 
increased incidence in some of these diseases, particularly 
hepatitis, did not become evident until many months after 
the disaster event (32). Interestingly, no increase in the 
incidence of malaria, a disease endemic to the area was 
detected. These findings support the use of prolonged 
public health measures following natural disasters. In 
general, the only major outbreaks of diseases reported 
after flooding are diseases already endemic to the flooded 
area (37). These include diarrheal disorders (including 
cholera and dysentery), respiratory infections, Hepatitis A 
and E, and some vector-borne diseases (38). Additionally, 
there may be increases in enterotoxigenic Escherichia 
coli, shigella, salmonella, Norwalk virus, leptospirosis, and 
tularemia (24). 

The incidence of vector-borne diseases may increase 
during periods of flooding (5). Increased amounts of 
stagnant water will inherently provide an increase in the 
number of many vectors. Data from the 1993 Midwest 
flood show large increases in the mosquitoes Culex pipiens 
and Culex tarslis. Both vector species are known to 
transmit arboviruses that cause Western equine and St. 
Louis encephalitis; however, no increase in vector-borne 
diseases occurred. Public health and vector surveillance 
proved far more financially sound than generalized 
mosquito control in this example (35,39). 

Mass prophylactic vaccination for flood disasters is not 
indicated and is often counterproductive as it often diverts 
limited personnel and resources away from other critical 
relief tasks. Sound clinical judgment and public health 
surveillance are the control measures of choice (24,30). 

Carbon monoxide poisoning is a relatively common 
risk during the event and recovery phases of floods. Un- 
ventilated gas-powered electrical generators, gas-powered 
pressure washers, unventilated cooking tanks, and house 
fires started by candles are common culprits (40). In- 
dustrial sites may become flooded, unleashing an endless 
possibility of chemicals and other contaminants into the 
floodwaters. Hazardous chemical, toxic, or nuclear waste 
containers may become dislodged by floodwaters posing 
threats of radiation illness and a variety of toxicologic 
issues. 

Studies of flood casualties demonstrate an increase in 
visits for psychiatric issues (9,11,15). Stress secondary to 
loss, evacuation, overexertion, and injury during cleanup 
can lead to an increased incidence of domestic violence, 
substance abuse, depression, and post-traumatic stress 
disorder (PTSD). One longitudinal study demonstrated 
that 15% to 20% of natural disaster victims have symptoms 
of PTSD (27). Additionally, increases in antisocial/violent 
behavior: assaults, gun shot wounds, and rapes have been 
reported following floods (41). Table 19-1 lists some of 
the more common mechanisms of injury associated with 
flood disasters. 
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D TABLE 19-1 Common Mechanisms of Injury 
from Flood-Related Disasters 


Electrical injury from electrical lines, generators, and equipment 
Carbon monoxide poisoning from generators and other motors 
Musculoskeletal hazards from uneven ground and lifting 

Soft tissue wounds from debris and other hazards 

Thermal stress from exertion and hot environments 

Heavy equipment operation 

Structural instability resulting in partial or total collapse 
Hazardous materials released by the flood, causing toxic exposure 
Fire from spilled fuel sources, electrical arcs, and other sources 
Drowning from motor vehicle or other activities 

Hypothermia due to the cold weather and water exposure 

Falls from heights during escape, rescue, or recovery activities 
Exhaustion from working extended shifts 

Dehydration from lack of adequate volume intake or protocols 
Biohazards from endemic and waterborne agents and vectors 
Psycho emotional stress 


PREHOSPITAL CONSIDERATIONS 


Floods have a substantial impact on the operations of most 
emergency medical service (EMS) systems. Mass casualty 
events from floods alone are unlikely. Flash flood casual- 
ties are usually dead on the scene whereas casualties from 
other flood-related activities, although potentially serious, 
are usually scattered in location and temporality through- 
out the flood region. The primary impact often results from 
disruption of usual transport routes that are obstructed by 
water, converting a previous transport or response time 
of minutes into hours by alternate roads. Modification in 
transport and referral patterns will be needed to overcome 
this problem and should be anticipated in flood disaster 
plans. At times, reaching some locations by ground trans- 
port will not be possible at all. Heavy reliance on air 
medical units may become the only policy capable of en- 
suring that patients get rapid medical attention; however, 
meteorological conditions may complicate the reliability 
of their use. Data concerning air transport and flooding 
collected during Hurricane Floyd demonstrates a nearly 
650% increase in helicopter utilization (42). Arrangements 
should be made between area hospitals and EMS systems 
with regard to alternate ground ambulance transportation 
and air medical transportation protocols as part of the 
routine disaster flood plan for each hospital. This will has- 
ten prehospital decision making and allow casualties to 
reach care facilities more expeditiously. 

Swift water rescue and marine units may be used to 
assist in the rescue of a stranded population and the 
provision of emergency medical care to them. Some EMS 
personnel may be utilized in nontraditional vehicles such 
as boats, large wheel flotation trucks, or other conveyances 
to reach some flood impacted areas (43). Operations 
may be undertaken outside the usual service areas for 


a particular EMS system, based on the travel limitations 
and the overall needs of the region. Travel obstructions 
may remain in place for weeks or months due to persistent 
elevations in water levels or damage to roads and bridges. 
EMS is likely to be involved early in the flood disaster 
in nonmedical rescue activities on ground, water, and 
air (43,44). 

As always, adequate safety measures and training are 
needed for prehospital personnel performing tasks in a 
disaster zone. Consideration is necessary to support the 
homes and families of prehospital personnel whose own 
property and loved ones may be at risk while they are 
expected to work long hours during the initial flood 
response. Driving instructions and hazard identification 
for flood disaster zones will benefit the personnel required 
to work in these areas. 

In addition, where flooded regions incorporate substan- 
tial areas (in square miles), the destruction of the local 
medical infrastructure will place increased demands on 
prehospital personnel. EMS has been used in many flood 
disasters to provide basic medical support to communi- 
ties and individuals isolated from other sources of medical 
care. Transportation of needed equipment, supplies, and 
pharmaceuticals by air and ground constituted the bulk 
of these activities. In addition, use of EMS resources 
for public health surveillance and delivery accounted for 
additional nonemergency activities (44). 

Communication is a consistent problem in any disaster. 
Communication with casualties, hospitals, EMS units, 
and other agencies is complicated by many potential 
and real problems. Landlines are often out of order, 
and the typical mechanisms for contacting EMS systems 
(911 systems) may be inaccessible. EMS units may be 
unable to encode to local hospitals resulting in ambulances 
arriving unannounced. Response, transport, rescue, and 
extrication times will likely be increased. Casualties will 
more frequently arrive by non-EMS modes. 

In some communities, alternate locations for health 
care may need to be created. In 1977, when floodwaters 
separated east Grand Forks (North Dakota) from its 
neighboring city, the availability of medical care was 
cut off. The medical community converted a technical 
college in east Grand Forks to a temporary medical clinic 
complete with laboratory, radiological, and other ancillary 
facilities (45). 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


In most flood-related disasters, approximately 0.2% to 2% 
of flood survivors will likely require emergency medical 
attention (24). Most of the injuries requiring emergency 
medical attention have been minor in previous floods in- 
cluding soft tissue wounds (lacerations, punctures), skin 
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524 Cases reported .. 39 (7.496) Other 


e— (0.38%) Unknown 


250 (47.7%) Crude admission 233 (44.5%) 
Injuries rate of 12% Illnesses 


| | 


e Sprain—strain 86 (34%) e Gastrointestinal 40 (17%) 
e Lacerations 61 (24%) ə Rash-dermatitis 38 (16%) 
e Other injuries 28 (11%) e Heat illness 31 (13%) 

e Abrasion—contusion 27 (11%) e Other illness 47 (20%) 


FIGURE 19-3. Morbidity surveillance from Missouri during 
the 1993 flood. (From Centers for Disease Control. Flood 
related mortality—Missouri, 1993. MMWR 1993;42:797-798, 
with permission.) 


rashes, abrasions, and ulcerations. A study of 524 flood- 
related injuries during a 48-day time span during the 
flooding in the Midwest in 1993 indicated a crude admis- 
sion rate of 12%, with injuries and illnesses approximately 
equal in frequency (17). The summary statistics from this 
study are depicted pictorially in Fig. 19-3. 

If the hospital and emergency department (ED) are in 
the actual flood zone, most efforts will revolve around 
the evacuation of patients and rerouting of EMS. The 
decision to close an ED, however, is an extremely difficult 
one, because some affected people still manage to arrive at 
a local facility no matter what the environmental concerns 
are. As this is the case, the ED may have to be moved to a 
safer part of the hospital or city in an effort to prevent the 
disruption of patient care. Temporary facilities may need 
to be opened or erected, depending on the availability of 
surrounding medical systems. Disaster medical assistance 
teams may be called in under the federal National Disaster 
Medical System response program to assist in providing 
alternate locations for basic and emergency medical care. 
If the ED is functional, it may serve as the only access 
point within a community for routine medical care, 
including access to pharmaceutical agents. Plans should 
take into account the need for increased staffing if the 
patient census increases. Additionally, they should include 
access to follow-up care once patients are discharged from 
the ED. 

Simple items that may have an impact on ED man- 
agement include the oft seen but often unnoticed items 
such as mops, buckets, flashlights, batteries, and alter- 
nate means of communication, both for inside the facility 
as well as with the outside world. A disaster preparedness 
plan should include supply lists accounting for these items. 

As with any disaster, an increase in mental illness and 
substance abuse has been noted following the impact of 
floods. One study indicated that suicide rates increased 
by 13.8% above predisaster rates, and similar increases 


in domestic violence and alcohol consumption were ob- 
served (10). In addition, preparations should be made for 
special populations, such as hospitalized patients, nursing 
home residents, domiciliary patients, and the elderly. Spe- 
cialized shelters may be necessary for such populations. 


DROWNING AND NEAR-DROWNING 


Up to two thirds of all flood fatalities are due to drown- 
ing (46). Drowning is defined as death from asphyxia 
within 24 hours of submersion in water. Near-drowning 
denotes survival beyond 24 hours from the submersion 
event (47). As drowning is the most common cause of 
death in flood-related disasters, it is likely that emergency 
health care providers will be required to manage cases of 
near-drowning during these events. Near-drowning may 
be classified on the basis of the temperature of water in 
which the casualty was submerged. Warm water drown- 
ing is defined as drowning in water of temperature 20°C 
(68°F) or above whereas cold water drowning is defined 
as drowning in water of temperature 20°C or less. Some 
authorities add a third category of “very cold water drown- 
ing” at temperatures of 5°C (41°F) or less (48). 

Pathophysiologically, individuals submerged in water 
drown owing to hypoxic effects primarily on the central 
nervous system. Attempts to breathe during the drown- 
ing process usually result in aspiration of water. How- 
ever, laryngospasm without aspiration (the so-called “dry 
drowning”) occurs in approximately 10% of the cases (49). 
Death occurring more than 24 hours after the submersion 
event in the near-drowning casualty is usually due to 
continued hypoxia from progressive pulmonary damage 
initiated at the time of submersion and eventual multior- 
gan hypoxic failure (49). 

Although some differences exist with regard to drown- 
ing in fresh or seawater, this factor usually has no 
significant clinical impact on the management of the 
near-drowning casualty in the ED. Most near-drowning 
casualties aspirate less than 4 mL per kg while aspiration 
of amounts in excess of 22 mL per kg are required before 
substantial changes in electrolyte and blood volume will 
be seen (50). Patients may however present with a relative 
hypovolemia due to hypoxic capillary permeability and 
“third spacing” of volume. 

The pulmonary tree is quite sensitive to the effects of 
aspirated fluid. As little as 1 to 3 mL per kg of water 
can effect a striking impairment on gas exchange at the 
alveolar level (51). Fresh water and seawater work by 
different mechanisms to disrupt the alveolar surfactant 
(and thereby the alveoli-capillary unit), but both result 
clinically in hypoxia and pulmonary edema. The cardio- 
vascular manifestations associated with near-drowning 
are as a result of relative volume depletion caused by in- 
creased capillary permeability and cardiac dysrhythmias 
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from hypoxia (51). Myocardial depression due to direct 
hypoxic damage may also be seen (49). Cardiac function 
may be further depressed due to the development of pul- 
monary hypertension. The overall impact of hypoxia on 
the central nervous system is the primary determinant of 
the outcome of near-drowning (47,50,52). 

The clinical presentation of near-drowning casualties 
is quite variable—from asymptomatic to cardiopulmonary 
arrest. Multiple additional causes for the submersion event 
need to be explored such as trauma, seizures, cardiac dis- 
orders, diabetes mellitus, exhaustion, substance abuse, 
and hypothermia. A very high index of suspicion must 
be maintained even in apparently well and asymptomatic 
patients for underlying and potentially progressive pul- 
monary injury. 

Interventions for near-drowning casualties will be 
dictated to a large part by their clinical presentation and 
level of stability on arrival at the ED. The individual 
should be removed from the water as soon as possible. 
Rescue breathing should be started as soon as possible 
even if still in the water, but chest compression should be 
initiated, if indicated, only after removal from the water. 
Aggressive airway management is indicated due to the 
high frequency of hypoxia and pulmonary complications. 
Procedures such as the Heimlich maneuver or other 
methods to remove water or fluids from the lungs are not 
indicated and are potentially harmful. Only visible foreign 
bodies and debris should be removed from the airway. 

Fraction of inspired oxygen (Flo?) at 100% should be 
initiated by applying a mask to patients who are alert, 
as soon as available. Cases with alteration in mentation, 
respiratory distress, severe hypoxemia, or severe acidosis 
should be endotracheally intubated. The level of hypoxia 
may initially be very difficult to assess clinically, with 
almost all symptomatic cases requiring arterial blood gas 
determinations. All cases should be considered to have 
cervical spine trauma till proved otherwise by validated 
clinical criteria or proper radiographic studies. 

Casualties from cold water submersion may appear to 
be dead due to profound bradycardia and vasoconstriction 
yet have a potential chance for full recovery. In this setting, 
aggressive resuscitative efforts should be undertaken along 
with rewarming techniques at a minimum, until a core 
temperature of 30°C to 32°C (86°F to 89.6°F) has been 
reached (see Chapter 21) (53). Patients with cardiac 
arrest due to warm water submersion have a very poor 
prognosis but should receive a clinically adequate trial of 
resuscitative efforts. Patients arriving at the ED fully alert 
or with a Glasgow Coma Scale (GCS) of 13 or greater have 
been noted to have an excellent prognosis (54). Patients 
arriving with coma (GCS 8 or less), submersion greater 
than 25 minutes, cardiopulmonary resuscitation (CPR) 
greater than 25 minutes, no pulse, ventricular fibrillation 
or ventricular tachycardia, fixed pupils, or severe acidosis, 
have a greater than 90% mortality rate (54). 


All cases having had a potentially significant sub- 
mersion episode should be transported to the ED for 
evaluation even if they are asymptomatic at the scene. 
Minimally symptomatic casualties may be observed for 
4 to 6 hours. If their pulmonary examination remains 
normal and their room air oxygen saturation is above 
or at 95%, they may safely be discharged home with ar- 
rangements for follow-up care (49). Laboratory and x-ray 
studies in this cohort of patients are not beneficial in pre- 
diction of outcome and are not essential. Patients with any 
level of alteration of mental status or who are otherwise 
symptomatic should be placed on supplemental oxygen to 
keep their oxygen saturation above 95%. These individuals 
should have laboratory evaluations to include at minimum 
arterial blood gas analysis, chest x-ray, and electrolytes. 
Additional studies and interventions should be employed 
as the patient’s clinical condition indicates. 

Preservation of central nervous system function by 
management of the pulmonary and cardiovascular compli- 
cations is paramount in the care of near-drowning cases. 
Aggressive airway interventions as well as volume and per- 
fusion management with fluid and vasopressor agents may 
be needed. Prophylactic antibiotics and steroids are not 
considered helpful during initial interventions. Artificial 
surfactant and hyperbaric oxygen are of unproven benefit. 
If aggressively managed, many near-drowning casualties 
have a 90% or greater chance of achieving an intact neu- 
rological outcome. This positive prognosis drops to less 
than 20% if the patient experiences cardiac arrest or flaccid 
coma during the first 2 hours after submersion (47). 


WOUND CARE DURING FLOOD 
DISASTERS 


One of the most common problems during a flood- 
related disaster is soft tissue wounds. Although these 
wounds are not substantially different in mechanism or 
physical character than wounds seen during nonflood 
periods, they often have the associated complication of 
contamination by the flood environment. This raises the 
question of the optimal methods that should be employed 
in the management of such soft tissue wounds. Infection 
rates are known to be increased in wounds sustained 
in contaminated environments (see Chapters 17 and 25). 
No careful epidemiological studies have been published 
that clearly document infection rates or complications 
associated with flood-related wounds. However, with the 
similarities in environments between floods and other 
disaster environments, careful wound evaluation and care 
are indicated. 

All wounds should be examined under good light and 
magnification, if available, for foreign bodies and debris. 
The wounds should be anesthetized with local anesthetic 
before cleaning. Copious irrigation should be carried 
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out using normal saline or a saline-1% povidone iodine 
solution in a jet irrigation method. After cleaning, the 
decision should be made on clinical grounds regarding 
the interventions to be taken. If primary closure is used, 
it should be with caution and scrupulous technique with 
strict follow-up arranged to monitor for infection. There 
is no evidence indicating that the risk of tetanus is 
increased in flood-related lacerations; therefore, standard 
immunization practices should be employed. Antibiotic 
“prophylaxis” has not been studied in this setting but it 
has been the generally accepted practice in most disasters 
(based on other wound studies) to place the patient 
for 5 days on a broad-spectrum antibiotic such as an 
extended spectrum penicillin or cephalosporin following 
primary closure. Judicious use of delayed primary closure 
or secondary intention should be strongly considered for 
wounds with evidence of heavy contamination. 


INFECTIOUS DISEASES DURING 
FLOODS 


Despite the reported low incidence of infectious disease 
outbreaks in the 1993 Midwest floods, there were reports 
of an increase in the frequency of minor gastrointestinal 
symptoms, as well as an association between gastroin- 
testinal symptoms and contact with floodwater (55). This 
association was noted to be more pronounced in pediatric 
patients. Data from flooding due to Tropical Storm Allison 
also noted an increase in gastrointestinal symptoms (34). 


SUMMARY 


Floods account for more than half of all natural disasters 
and more than three fourths of disaster-related deaths 
worldwide. Most flood-related morbidity and mortality are 
preventable through education, good floodplain manage- 
ment, and prediction-warning systems. Most flood-related 
deaths are due to drowning, and most of these are 
associated with motor vehicle operation in developed na- 
tions. Soft tissue wounds and musculoskeletal complaints 
are commonly encountered in a flood disaster, whereas 
drowning, near-drowning, and hypothermia casualties 
are less common but potential presentations. Electrical 
injuries, burns, bites, and general musculoskeletal com- 
plaints round out most other traumatic entities commonly 
seen during flood disasters. 

Medical problems encountered during floods include 
an increased potential for toxic ingestions and exposures. 
The breakdown of sanitation and water quality provides 
the potential for infectious diseases, although major out- 
breaks of illness are not common in most flood events. 
Those infectious outbreaks that do occur will be associated 
with diseases endemic to the population. Strong public 


health measures have proved to be superior and more cost- 
effective than mass immunization or other similar pro- 
grams during floods in reducing the incidence of illness. 

Alterations in ground traffic routes due to flooding 
greatly impacts EMS and ED functions and referral pat- 
terns. Reliance on air medical transportation and nontra- 
ditional roles for EMS are common during flood disasters. 
Flooding may necessitate the closing or relocation of 
health care facilities. Alternate or supplemental health 
care infrastructure may need to be integrated into the 
community to provide basic care during the impact and 
recovery phases of the flood. Adequate planning for such 
eventualities will minimize the impact on the health of the 
community served. 
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Firestorms and VVildfires 


Robert R. Frantz 


With fitful twistings the Fire-drake hastened fatefully 
forward. His fender held high, Beowulf felt the blaze 
blister through hotter and sooner than he had foreseen. 
So for the first time fortune was failing the mighty man 
in the midst of a struggle. Wielding his sword, he struck 
at the worm and his fabled blade bit to the bone through 
blazoned hide: bit and bounced back, no match for the 
foe in this moment of need. 
Beowulf: Battle with the Fire-Drake, circa 
700-1000 CE 


On August 25, 1949, an elite smoke jumper crew 
responded to a small forest fire approximately 20 mi north 
of Helena, Montana. Smoke jumpers had been used by 
the Forest Service for years and, as a corps, had never 
experienced a fatality. The winds in Helena were reported 
to be 6 to 8 mi per hour, and the general feeling was that 
the fire would be easy to suppress in its early stages. After 
a routine jump and landing, the firefighters proceeded 
to confront the fire, which was located near a minor 
drainage to the Missouri River known as the Mann Gulch. 
After walking down the gulch in an attempt to flank the 
fire near the river, the squad found that spot fires breaking 
out at the mouth of the drainage were blocking their route 
to the river. The spot fires started in a heavily treed area, 
and crown fires soon followed. The winds at the mouth of 
the gulch were estimated at 30 mi per hour. 

The 16 men turned up the canyon and started a retreat 
from the intensifying fire that was now just 150 yd behind 
them. The fire was burning uphill with a following wind, 
and the grade worked against the men while accelerating 
the fire. The crew continued up the 18% grade as quickly 
as they could travel. As they continued upward, the timber 
thinned, exposing more brush and cured grass. Within 8 
minutes, the fire was spreading at a rate of 250 ft per 
minute. The terrain was littered with loose rock, and no 
trail was available. The smoke must have been choking 
for the crew, which had no special breathing apparatus. 
The temperature, which was near 100°F (37.7°C) outside 
of the fire area, was probably much hotter in the gulch. 
After 8 minutes, the crew foreman told the men to drop 


their heavy tools. At this point, the fire was only 75 to 
100 yd behind them, a distance that would be easily 
covered in less than 1 minute. The wind increased as 
it climbed the slope, causing the fire to accelerate to 
almost 610 ft per minute. Ironically, as the crew climbed 
away from the fire, they moved into more danger. The 
thinning of the trees allowed more wind to drive the 
fire, and more easily ignitable grass and light brush was 
present. 

At this point, the crew split into three separate groups 
in its desperation to avoid the pursuing firestorm. One 
group of three men fled up a steep area toward the rim 
of the canyon, confronting slopes as steep as 70 degrees. 
Another group of four men continued to run up the canyon 
ahead of the main group at an incredible 500 ft per minute 
while the foreman stayed behind and lit the surrounding 
grass in an escape fire. He survived by lying down in the 
burning grass while the wildfire raged around him. 

In the end, only three men survived the Mann Gulch 
fire. The remaining 13 men were caught by the pulsing 
10- to 40-ft flames that were burning at temperatures as 
high as 1,800°F (982°C) and spreading at a rate of nearly 
700 ft per minute. The foreman of the crew later said 
that the extremely high winds from the firestorm lifted 
him from the ground several times as they passed over 
him (1). 

The Mann Gulch fire has had long-lasting repercussions 
for the Forest Service, and it serves as a tragic reminder 
of the extreme dangers associated with wildland fires. 
Many advances in fire safety, training, and an improved 
understanding of fire behavior have occurred since 1949. 
However, fatalities associated with the suppression of 
wildland fires continue even today. The South Canyon 
fire in Colorado in 1994 trapped and killed 14 firefighters, 
making it one of the most tragic wildland fires to occur in 
the United States in this century (2). This only serves 
to underscore the fact that, even with all the recent 
advances in fire safety, fighting wildland fires continues to 
be extremely hazardous. 
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THE NATURE VVILDLAND FIRES 


The last 400 years on the North American continent have 
seen a number of major wildland fires impact human 
health, ecology, and economies. Although the frequency 
and extent of such fires are increasing during this time, 
a number of historic fires causing substantial human or 
economic impact stand out. A select group of these fires 
are demonstrated in Table 20-1. 

These fires represent a natural hazard (often initiated 
by human activities) that we as a society have organized to 
“fight” with methods of fire suppression. We are learning 
more every year about the natural cycles of wildland fires, 
and their role in the ecological health of the planet. Fires 
are likely as important as rain to the long-term health of 
forest and grassland systems. Our concept of the nature 
of wildland fires has changed over the years and will 
continue to change in the future as we learn more about 
the interaction of such fires with other natural processes. 
In this process, we attempt to find a balance between 
human wants and needs and the needs of nature. 

In the 2002 fire season, there were 88,458 individual 
wildland fires in the United States. These fires consumed 
around 6,937,584 acres (considerably more than the 
previous 10-year average of 4,215,089 acres). There 
were 835 primary residences, 46 commercial buildings, 
and 1,500 other structures destroyed by the flames. 
The final cost in US dollars exceeded $1.6 billion (3). 
Wildfires continue to be an ongoing problem in large part 
because people are moving into the wilderness areas at 
an unprecedented rate (4). 

Most wildland fires are started by human activities. 
Table 20-2 demonstrates the comparison of a 10-year span 
of human- and lightning-initiated fires. Natural causes of 
fires are most commonly because of lightning strikes, 


) TABLE 20-2 Ten-Year Average of Wildland Fire 
Causes 1988-1997 USAF: Wildland 
Fires: A Historical Perspective 


— Human Caused Lightning Caused 


Number of fires 102,694 13,879 
Percent of fires (%) 88 12 
Acres burned 1,942,106 2,110,810 
Percent acreage (%) 48 52 


United States Fire Administration Topical Fire Research Series 2001;1:(3), 
with permission. 


although volcanic activity, falling rocks, and a few other 
natural processes may also cause ignition under the right 
conditions. Although fires are clearly a part of the natural 
cycle of the wildland, human-initiated fires represent an 
ignition source outside of this natural process. The overall 
impact of such human-generated fires is unclear at this 
time, coming as it does in a period of time during which 
humans have also been practicing aggressive wildland 
fire suppression. As will be discussed, these activities have 
actually placed some wildland regions at risk for fire, likely 
beyond the level that would have been induced by natural 
processes. 


The Urban-Wildland Interface 


The area where the private citizen meets the wildland has 
been called the Urban—Wildland Interface, and it is the 
zone of greatest concern for contemporary firefighters. As 
urban residents move their homes into the wilderness, 
many take with them the expectation for continuation of 
urban emergency services (5). More demands are being 
placed on the wilderness for recreational and casual use 
as well. Attendance at US parks and recreational areas has 


) TABLE 20-1 Historically Significant Wildland Fires 


Year Name US State 
1871 Peshtigo WI 
1894 Hinckley MN 
1894 Wisconsin WI 
1910 Great Idaho ID 
1949 Mann Gulch MN 
1970 Laguna CA 
1897 Siege of "87 CA 
1988 Yellowstone MN 
1991 Oakland Hills CA 
1994 South Canyon CO 
1998 Volusia FL 
1998 Flagler/St. John FL 
2000 Cerro Grande NM 


Significance 


1,500 fatalities 

418 fatalities 

Undetermined number of fatalities 

85 fatalities 

13 smoke jumpers killed 

382 homes burned 

Klamath and Stanislaus national forests decimated 
More than 1,585,00 acres burned 

25 fatalities and 2,900 homes burned 

14 firefighters killed 

Evacuation of thousands of residents 

Evacuation of thousands of residents 

235 homes burned—damage to Los Alamos laboratory 


USAF: Wildland fires: a historical perspective. United States Fire Administration topical fire research series 2001;1(3), 


with permission. 
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been steadily increasing for years. Ironically, in an attempt 
to get away from the dangers and troubles of an urban 
lifestyle, many place themselves at greater risk for loss of 
life and property through wildland fire. Most people do 
not see their cozy cabins in the woods or their new homes 
in the hills of California in this light. However, the risk 
is not just for those people living in the western United 
States or in the mountainous regions traditionally thought 
of as having the greatest risk of forest fire. The plains of 
the United States, especially Texas, Oklahoma, Kansas, 
and Nebraska have been impacted substantially during 
the winter and spring of 2005-2006 by prairie wildland 
fires. 


Impact and Distribution of Wildland 
Fires 


In early 1996, Texas, a state known more for its expanse of 
prairie land, became one of the first states to be hit hard by 
arash of wildland fires. On February 10,1996, a fire ignited 
in the LBJ National Grasslands area in Wise County, 
Texas. The fire complex was fought over a 3-month period. 
An unfortunate combination of weather, dried fuels, 
fire ignitions and urban-vvildland interface situations 
provided a fire suppression situation that appeared, at 
times, to be insurmountable. During the 3-month period of 
fire suppression, various teams controlled 1,742 wildfires 
involving approximately 170,000 acres across Central and 
East Texas. One hundred and thirteen structures were 
destroyed by the fires, and an additional 3,170 structures 
valued at $158 million were threatened but saved. No lives 
were lost during this lengthy event. Of the 254 counties 
in Texas, the Federal Emergency Management Agency 
(FEMA) responded to emergency declarations covering 
47, or almost 20%, of the counties. Total costs of the Texas 
fire siege amounted to $7,817,522 (6). 

Nearly every state has experienced fires in the ur- 
ban-wildland interface that have resulted in significant 
losses (7). Although we may have become accustomed to 
the annual wildland fires in California, fires have ranged 
from Florida to Maine to Washington State. The National 
Fire Protection Agency (NFPA) estimated that, from 1985 
to 1995, wildfires destroyed more than 9,000 homes and 
resulted in deaths of many firefighters and civilians, with 
untold number of injuries (7). In 1994 alone, between 
$250 and $300 million of the federal wildland suppression 
dollars were estimated to be spent on the urban-vvildland 
interface (5). 

Although no one is prepared to estimate the future 
losses both in property and lives due to wildfire, the general 
consensus is that both will continue to grow as people 
keep moving from urban to rural areas (5). Another major 
factor in rising injuries is the lack of public education. In 
general, the public has a tendency to underestimate the 
risk from fire in the urban-vildland interface (8). After the 


Yellowstone complex fires in the early 1980s, the zealous 
fire prevention and suppression practices within the park 
were clearly shown to have allowed an accumulation of 
more fuel, thereby setting the stage for an intense fire. 
This scenario is common to other wildland areas within 
the United States, thereby increasing the threat to people 
from fast-moving, high-intensity fires similar to those 
experienced in the Yellowstone complex (9). The Forest 
Service, using lessons learned from the Yellowstone fires, 
has now adopted the policy of prescribed burning in some 
national parks and wilderness, which will further increase 
the likelihood that the general public will encounter 
fires (9). 


Wildfire Management 


Wildfire management, particularly at the urban-vvildland 
interface, is complex. Barriers such as jurisdiction, mu- 
tual aid agreements, zoning, legal mandates, building 
codes, insurance, and environmental concerns can be 
overwhelming. Not surprisingly, the federal government 
has always maintained an active role in the suppression 
of wildfires. The United States Department of Agricul- 
ture (USDA) Forest Service has collected almost all 
the available data that exists concerning wildland fire 
behavior, injuries, and fatalities. It also maintains re- 
search stations to study and estimate risks for wildland 
fires. The Forest Service has a long history of fire sup- 
pression, one that began long before the Mann Gulch 
fire (1). 

As the frequency and severity of wildland fires have 
amplified, various agencies and organizations have be- 
come increasingly involved in monitoring, researching, 
responding to and planning for these events. Fire danger 
classifications based on multiple variables such as weather 
conditions, humidity, land cover, vegetation and a multi- 
tude of other factors are projected on a daily basis. The 
United States Forest Service generates such fire danger 
forecasts regularly (Fig. 20-1). 

The Forest Service also maintains the Moderate 
Resolution Imaging Spectroradiometer (MODIS) Active 
Fire Mapping Program available over the Internet at: 
http://activefiremaps.fs.fed.us/. This program represents 
a product of a cooperative effort between the National 
Aeronautics and Space Administration (NASA) and the 
USDA National Forest Service’s Remote Sensing Appli- 
cations Center in Salt Lake City, Utah. The program 
allows the user to monitor active fires in the continen- 
tal United States, Alaska, and Canada, in relation to 
visual and radio spectrometric satellite images of the 
area, at high resolution. Such information makes it pos- 
sible to make more reasonable risk assessments and fire 
management strategies in real time impacting the fire 
fighting elements while they are actually engaged in the 
operations. 
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MECHANISMS OF INJURY 


Scant information exists as to the injury patterns seen 
in civilian populations impacted by wildland fires. Much 
of the information available on injury focuses on the 
wildland firefighters and most of that is focused on the 
fatalities rather than injuries. What is clear is that as 
the population of civilians moving to the urban-wildland 
interface increases the number of wildland fire associated 
disasters will also increase. 


Civilians in Wildland Fires 


Despite the dearth of reports on civilian populations, it is 
obvious that a number of factors are created in wildland 
fires that have injury causing effects on the civil populace. 
These include (but are not limited to) such mechanisms, 
as follows: 


m Smoke and dust exposure 

m Production of toxic combustion elements (CO, CN, 
HCl, etc.) 

m Thermal injuries—burns 

m Wild animal contact—bites, stings, zoonotic illnesses 

m Environmental stresses—heat, cold 

m Blunt trauma 

m Displacement—loss of housing 

m Loss of medical infrastructure 

m Exacerbation of chronic medical conditions 

m Psychoemotional stress 


Some information does exist for civilian deaths associ- 
ated with an urban-wildland fire. In a study, discussed in 


the subsequent text, civilian deaths from a rapidly moving 
fire have been evaluated. Of the fatalities it was noted by 
coroner examination that all were associated with exten- 
sive burns. Inhalation injuries were suspected in a number 
of cases. Toxicological studies were performed on 16 of 25 
fatalities with only 2 cases demonstrating ethanol. In ad- 
dition, carbon monoxide (CO) and cyanide (CN) were not 
detected postmortem in significant concentrations (10). 
In addition to the above factors, it is not uncommon 
that civilians make an effort to fight the wildland fires 
as they approach their homes rather than evacuate. This 
may occur in an organized or unorganized manner placing 
them at the same risk for injury as professional wildland 
fire fighters (albeit with less training and protective 
equipment). Many of these conditions exist not only for 
the population close to the site of the fire, but extending 
out for hundreds of miles depending on the direction of 
the prevailing winds and the lay of the land. The impact 
of such factors can be seen in the profile of the conditions 
treated in the few reports of civilian injuries on record (11). 


Wildland Firefighters 


Wildland fire fighting is a high-risk endeavor with serious 
injury or death possible in every phase from response to 
suppression. Although no good data are available con- 
cerning injury from wildland fire suppression, the Forest 
Service follows fatality information closely. Examining 
these data is useful to illustrate the most dangerous aspects 
of wildland fires. From 1990 to 1998, 133 fatalities were 
associated with wildland fire activities (12) (Fig. 20-2). 
These deaths occurred in 94 separate events caused by two 
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FIGURE 20-2. One hundred and thirty-three total deaths in 
persons involved in fighting wildland fires from 1990 to 1998. 
(Adapted from Mangan R. Wildland fire fatalities in the United 
States 1990 to 1998. United States Department of Agriculture 
Forest Service, 1999, with permission.) 


significant wildfires involving multiple fatalities. Wildland 
fatalities occurred in 33 different states, 13 of which expe- 
rienced three or more deaths (12). Of note is the fact that 
wildland firefighter fatalities occurred in every region of 
the country (Fig. 20-3). California had the highest number 
of fatalities and was followed by Colorado, which expe- 
rienced 14 fatalities on 1 day during the South Canyon 
fire of 1994. The individuals killed while fighting wildland 
fires belonged to seven different groups, and these fatali- 
ties have been categorized on the basis of activity that led 
to death. 

Figure 20-4 demonstrates that, by far, the most com- 
mon cause of death was burnover (12). This occurs when 
a firestorm burns over the individuals in the path of an 
advancing fire front. This was the cause of death for the 
smoke jumpers in the Mann Gulch fire. Burnover can lead 
to a significant number of fatalities during a single fire 
because it usually involves a number of firefighters caught 
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FIGURE 20-3. Fatalities by geographical location of those 

involved in wildland fire suppression activities. (Adapted from 

Mangan R. Wildland fire fatalities in the United States 1990 to 

1998. United States Department of Agriculture Forest Service, 

1999, with permission.) 
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FIGURE 20-4. The causes of death for all 133 persons who died 
while fighting wildland fires from 1990 to 1998. (Adapted from 
Mangan R. Wildland fire fatalities in the United States 1990 to 
1998. United States Department of Agriculture Forest Service, 
1999, with permission.) 


in an explosive or rapidly changing fire. This is the true 
firestorm with incredibly high temperatures and winds 
and a rapidly advancing fire front. In the most recent pe- 
riod studied by the Forest Service, burnovers were respon- 
sible for 29% of the fatalities, with 39 firefighters dying in 
15 separate events (12). The only documented private cit- 
izens to die as a direct result of wildland fire suppression 
also died because of a burnover event in Montana (12). 

Burnover was also the leading cause of death for the 14 
firefighters in the South Canyon fire of 1994, which had 
one of the largest number of fatalities in a single event in 
the past century (2). An executive summary evaluating the 
fires identified several points that contributed to this large 
loss of life. It noted that topography, vegetation, and smoke 
all have the potential to reduce visibility, thereby decreas- 
ing the ability to sense changes in fire behavior. The sum- 
mary also noted that the transition from a slow-spreading, 
low-intensity fire to a high-intensity, blowup situation can 
occur rapidly, catching firefighters by surprise and cutting 
off their safety zone and means of escape (2). 

The next leading cause of fatality in wildland fire fight- 
ing activities was aircraft accidents (23%), followed closely 
by heart attack (21%) and vehicle accidents (19%). The last 
significant fatality-causing event was falling snags, dead 
trees that have begun to burn. This amounted to 5% of 
fatalities in the reported period. As a group, volunteers ex- 
perienced the most fatalities, with heart attack as the most 
common cause (Fig. 20-5). Members of federal agencies 
along with members of state fire organizations were the 
next largest group to experience fatalities. Fatalities fol- 
lowing burnover events were responsible for most deaths 
in both these groups, with heart attack being the second 
most common cause of death for both (12) (Fig. 20-6). 
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FIGURE 20-5. Causes of death in firefighters from state agencies 
during wildland fire fighting activities from 1990 to 1998. 
(Adapted from Mangan R. Wildland fire fatalities in the United 
States 1990 to 1998. United States Department of Agriculture 
Forest Service, 1999, with permission.) 


The high prevalence of myocardial infarctions asso- 
ciated with wildland fire deaths is not surprising. Fire 
fighting is an extremely physically demanding endeavor. A 
smoke jumper, for instance, begins suppression activities 
by parachuting into the fringes of the building fire and 
hiking to the fire front while carrying packs and tools. 
The attack on the fire is often made with hand shovels 
and chain saws. Often, wildland firefighters are required 
to work in the forest for several days with little rest. The 
imperative need for appropriate levels of physical fitness 
has been noted by the Forest Service, which developed a 
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FIGURE 20-6. Fatalities grouped by the organizations of 
persons who died while fighting wildland fires from 1990 to 1998. 
The high proportion of contractors is due in large part to aircraft 
accidents. (Adapted from Mangan R. Wildland fire fatalities in 
the United States 1990 to 1998. United States Department of 
Agriculture Forest Service, 1999, with permission.) 


physical training program and fitness test that wildland 
firefighters working for federal agencies must pass on an 
annual basis (9,12). 

Although few comprehensive data are available con- 
cerning wildfire injury, clearly many more injuries than 
fatalities are seen in each event. Those with underlying 
medical conditions are at a higher risk of death or disabil- 
ity while fighting or escaping from a wildland fire. All the 
potentially injurious events that one normally associates 
with the outdoors are magnified for those closely asso- 
ciated with wildland fires. Rough terrain, altitude, poor 
visibility, and exhaustion increase the risk of trauma. 
Snakebites, stings from poisonous insects, poison ivy and 
poison oak exposure, cuts, scrapes, lacerations, and frac- 
tures are all examples of additional conditions commonly 
experienced by those involved with wildfire suppression. 
The most serious injuries from wildland fires are smoke 
exposure, respiratory problems, heat stress, burns, or ther- 
mal injury. These are a direct result of the heat, flames, 
and smoke associated with wildland fires. Wildland fire- 
fighters generally do not wear the same level of protective 
equipment as their urban counterparts due to the unusual 
circumstances related to the fire environment. What the 
wildland firefighter loses in protection, they gain in mo- 
bility. A self-contained breathing apparatus or traditional 
bunk-out gear would be cumbersome at best, and it is 
dangerous in most circumstances. Therefore, the risks of 
burning and smoke inhalation are somewhat magnified 
for these fire personnel as compared with their urban 
counterparts. The risk of injury from heat stress, however, 
is decreased (13). 


Thermal Injury 


The most common cause of thermal injury is direct contact 
with flames. Although a significant amount of radiant 
heat can also be created in a wildland fire, clothing is 
usually enough to offset serious burns. The temperatures 
generated by a forest fire can be extreme, but they are often 
of short duration. This depends largely on the nature and 
quantity of fuels within the fire. Firefighters reduce their 
risk through constant observation of the fire. A basic tenet 
of wildland fire fighting is to be where the fire is going, 
not where it already is. The worst burning events typically 
involve civilians who are inexperienced with wildland fire 
behavior or with rapid, unanticipated changes in the fire 
behavior. Burns can either be of partial or full thickness. 
Immediate death is due primarily to hypovolemia or frank 
incineration. 


Airway Injury 


Contact with superheated air brings the risk of respiratory 
tract injury. Respiratory tract involvement should be sus- 
pected with burns around the face, neck, and upper body. 
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Physical findings that have a high correlation vvith up- 
per respiratory tract burns include facial burns, nasal 
hair singeing, facial edema, stridor, and early respira- 
tory distress (14,15). Serious respiratory burns are most 
often seen in those casualties whose history includes be- 
ing trapped in the burning area. These people have no 
other choice but to breathe the smoke and hot air. The 
level of injury is directly correlated with the amount of 
time spent in the burning area and the actual tempera- 
ture of the air being breathed. Air is a poor conductor 
of heat, and the upper airway is very efficient in ther- 
mal exchange. For this reason, a person can breathe air 
at a temperature of 199°F (92°C) for 30 minutes and of 
482°F (250°C) for 3 minutes without serious injury (9). 
Although most of the injuries to the respiratory tract are 
mild and they involve only the upper airways, anyone with 
a significant history of exposure should receive a med- 
ical evaluation as soon as possible. Thermal injuries to 
the respiratory tract can be insidious, with a delayed on- 
set of respiratory distress after contact with superheated 
air. Significant respiratory distress may present as late 
as 24 hours after the exposure. Medical personnel should 
maintain a high degree of suspicion with individuals who 
report a history of exposure to flames and hot gases in an 
enclosed space. When thermal injury to the airway is sus- 
pected, most experts advocate direct visualization of the 
larynx and early intubation if injury is noted (16). Ther- 
mal airway injury is almost always associated with edema, 
which can rapidly occlude the airway. Early visualization 
of the bronchial tree may be a useful predictor of com- 
plications and the hospital course after intubation (14). 
See Chapter 31 for more detailed information on burn 
management. 


Heat Stress 


All persons involved with the wildland fire are at an in- 
creased risk for heat-related illness. This is due primarily 
to the prolonged nature of the typical wildland fire situa- 
tion and the physical exertion required to extinguish a fire. 
Although deaths from heat stress due to heat stroke are 
rare in firefighters, heat illness in the form of heat cramps 
and heat exhaustion are common, and these are probably 
grossly underreported. Obviously, significant exogenous 
and endogenous heat generation can occur in wildfire 
events. Individuals working in the heat rarely replace flu- 
ids at the same level of that lost through exertion (16). 
This dehydration ultimately leads to hypovolemia and, 
if untreated, can eventually trigger heat exhaustion and 
ultimately heat stroke. 

Signs and symptoms of heat exhaustion are variable 
and nonspecific. They include fatigue, dizziness, weak- 
ness, nausea, vomiting, headache, muscle cramps, and 
sometimes impaired judgment. Obviously, these symp- 
toms pose an even greater risk for the individual involved 


in wildland fire suppression. Initially, core temperature is 
not significantly increased and signs of central nervous sys- 
tem involvement are absent. As heat exhaustion becomes 
more severe, the core temperature rises and the central 
nervous system signs develop. Heat stroke is the endpoint 
of this continuum in which all heat control mechanisms 
for the body fail. Core temperature rises to dangerous 
levels, central nervous system depression is present, and 
multisystem organ failure is possible. Heat stroke is a 
catastrophic, life-threatening medical emergency requir- 
ing immediate intervention. 

If symptoms are mild, treatment may consist of remov- 
ing the patient from the environment and providing oral 
repletion of fluids. As the severity of symptoms increases, 
so does the level of care. Volume depletion at higher levels 
should be managed with the use intravenous fluids over 
time. It may take as long as 24 to 48 hours to correct 
the water deficit safely, especially if comorbid illnesses ex- 
ist (17). Patients with heat stroke must have rapid cooling 
and intense supportive care. Patients in whom heat stroke 
develops in the context of exertion may have rhabdomy- 
olysis and acute renal failure, in which hepatic injury is 
present in almost 100% of the cases (16). 


Smoke Inhalation 


Asphyxia is always a risk when an individual is exposed 
to smoke. As has been noted, many wildland firefighters 
do not use a self-contained breathing apparatus. Although 
many use particulate masks, some use little more than 
a wet bandanna over the mouth and nose (18). Private 
citizens trapped in a wildfire may not have access to any 
airway protection. As was stated previously, significant 
differences between urban and wildland firefighters’ job 
risks are observed. Although both groups experience 
smoke exposures, wildland firefighters have exposures 
to different airborne contaminants when compared with 
their counterparts fighting structural fires. Wildland 
firefighters are not as likely to experience the extreme, 
acute exposures as the structural firefighters. However, 
they are often exposed for 12-hour shifts over days at a 
time in base camps that may be located in areas that fill 
with smoke as well. The greater Yellowstone Park fires of 
1988 were associated with a large number of firefighters 
and civilians who sought medical care for respiratory 
problems (16,18). In 1988, several large wildfires in 
Central Florida burned almost 500,000 acres throughout 
the state. During that time, emergency department (ED) 
visits for asthma increased by 91%, acute exacerbation of 
bronchitis increased by 132%, and chest pain increased 
by 37%. However, the increases in admission rates were 
minimal (19). 

The chemical composition of the smoke from wildland 
fires has been examined. Common compounds include 
carbon monoxide, sulfur dioxide, particulate carbon and 
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silica (probably from ground dust), polyaromatic hydro- 
carbons, aldehydes, and benzene (20). Data suggest that 
firefighters who spend prolonged periods working in visi- 
ble smoke may be at risk for exceeding the recommended 
full-shift occupational exposure limits of all these com- 
pounds. In the short term, the agents of greatest concern 
are the aldehydes and carbon monoxide. Aldehyde expo- 
sure results in a local irritation, which can serve as a 
warning sign. However, carbon monoxide exposure is not 
associated with warning properties, therefore increasing 
the possibility that dangerous levels of exposure may re- 
main undetected. Firefighters who work at high altitude 
are at an even greater risk with this exposure, and they 
require closer monitoring (20). 

Although the long-term effects of respiratory contami- 
nants are not fully known, studies have shown decreased 
short-term pulmonary function in wildland firefight- 
ers (20,21). The decreased pulmonary function is strongly 
correlated with recent wildland fire fighting activity and 
the number of hours of exposure. Decreased pulmonary 
function has been shown to be at least partially reversible 
with reduced contact with smoke; however, this is still 
being investigated, and no long-term controlled studies 
have been performed to date. In the short term, the great- 
est concerns are local airway irritation, carbon monoxide 
exposure, and the exacerbation of underlying pulmonary 
conditions, such as asthma or emphysema. 


EMERGENCY DEPARTMENT IMPACT 


In the greater Yellowstone area fires, more than 30,000 
medical visits were made by firefighters over 4 months. 
Forty percent of these visits were for respiratory problems, 
and more than 600 of those seeking medical attention 
required more intense medical care than that provided by 
an aid station (9). 

In October 1991, a fire in Oakland, California, in the 
urban-wildland interface resulted in a major uncontrolled 
blaze that eventually killed 25 people and injured 150 
others. The fire was so intense that it consumed 790 
homes in the first hour (22). In a multicenter study of the 
ED impact of this fast-moving fire, a total of 227 casualties 
were identified (10). Of these 44 were admitted for a crude 
admission rate of 19.4%. The geographical effect was 
noted when the nine study hospitals were considered in 
relation to their location from the fire zone. Of the cases 
presenting to the EDs, 25% were because of work-related 
injuries or exposures with more than 50% of these cases 
identified as firefighters (10). Table 20-3 demonstrates the 
relative frequency of the primary diagnoses associated 
with the casualties evaluated in the EDs during this fire. 

In another study, cases presenting to a rural clinic 
system were followed up for illnesses related to a fire. 


) TABLE 20-3 Principal Diagnosis of All Casualties 
Seen Associated with an Urban Wildfire 


Diagnostic Category # (70) 
Bronchospasm associated with smoke exposure 71 (31%) 
Irritative smoke reactions 46 (20%) 
Corneal abrasions 29 (13%) 
Other medical problems 19 (8%) 
Minor trauma 15 (7%) 
Evacuation or placement issues 13 (6%) 
Mental health issues 11 (5%) 
Fractures—simple closed 8 (4%) 
Burns —inpatient— major 6 (3%) 
Medication refills 4 (2%) 
Major trauma—other than burns 3 (1%) 
Burns—outpatient— minor 2 (1%) 
Total cases n= 221 


Data obtained from: Shusterman D, Jerold Z, Kaplin JZ, et al. Immediate 
health effects of an urban wildfire. West J Med 1993,158:133—138. 


During the fire, clinic visits for respiratory problems in- 
creased 52% over the baseline of the previous year (11). 
Patients with underlying pulmonary or cardiac condi- 
tions presented with respiratory complaints much more 
frequently than the cohort without such conditions. The 
use of high-efficiency particulate air (HEPA) filter de- 
vices at home was associated with a significant decrease 
in respiratory complaints (11). At the same time, no 
change in the frequency of respiratory complaints was 
found to be associated with the use of particulate filter 
masks. 

During a wildland fire, the EDs should maintain close 
contact with medical support at the scene of the fire. This 
will help assess civilian risk and guide resource use. Most 
emergency visits during wildland fires consist of relatively 
nonserious respiratory complaints (16,19). Emergency 
visits increase during these events, but hospitalizations 
do not appear to be significantly higher (19). Because 
wildland fires may take weeks or even months to suppress 
completely, EDs should plan and staff accordingly. 


SYSTEMS PLANNING 


Fire and Emergency Medical Services 


For wildland fires, as in almost all disasters, planning is 
essential for reducing the loss of life and property. Almost 
every state in the country is at serious risk for wildland 
fires. This impacts almost every community, not just those 
with heavy timber and mountainous topography. Proper 
planning begins and ends with education. 

Fire personnel are usually at the greatest risk of injury 
due to wildfires. Wildland fire suppression has significant 
differences from structure fires, and the training should 
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reflect those differences. The National Fire Protection 
Association has produced a wildfire training course that 
helps both volunteer and professional fire departments 
plan for and safely fight wildland fires. Although fire 
departments should be equipped with the proper gear to 
fight wildland fires, the most important piece of equipment 
the wilderness firefighter should possess is his or her brain. 
Instructions on entrapment procedures, wildfire behavior, 
communications, and escape protocols, at a minimum, 
should be given. 


Mutual Aid 


Mutual aid agreements are also vital to combat wilderness 
fires. Almost all wildland fires are fought with the help 
of several municipal, state, and federal agencies. Because 
the typical wildfire requires several days to suppress, mu- 
nicipalities involved in wildland fire activities will need to 
ensure adequate coverage to meet their baseline demands 
for service. This is typically accomplished through agree- 
ments with other agencies, perhaps those in neighboring 
municipalities, and it should be a part of the planning 
for any disaster. This also provides a good forum for 
addressing issues such as communication and chain of 
command to avoid confusion during an actual disaster 
situation. 


Rescue Protocols 


Rescue protocols, including the equipment needed, the 
personnel responsible, and the evacuation procedures to 
be used if necessary, should also be formulated well in 
advance. Rescues can become multiple day affairs that tax 
resources and require a dynamic response to a changing 
situation. Many serious injuries and a large percentage 
of the fatalities seen in firefighters are due in part to 
poor physical conditioning. Federal firefighters must pass 
a strenuous physical fitness test before they are allowed to 
work on federal land. Similar standards should be adopted 
for state and municipal firefighters to reduce the risks of 
death due to myocardial infarction during the strenuous 
activity of wildland fire fighting. 


Safety Equipment 


Minimum safety equipment for the wildland firefighter 
should include a hard hat, safety goggles, brightly colored 
clothing made of closely woven natural fabric, long sleeves 
and pants, leather boots, and gloves. A personal fire shelter 
should also be carried. These devices, worn on the belt ina 
pack, are essentially an aluminized one-person tent. They 
are intended to be deployed in the face of an imminent 
burnover. They are constructed of an aluminized fiberglass 
cloth laminate that has the capability of reflecting up 
to 95% of radiant heat. Such shelters have been in use 


since the 1960s, and they have been credited with saving 
at least 220 lives and preventing many more serious 
injuries (16,23). A wilderness firefighter should also carry 
a canteen and should frequently drink from it to offset 
fluid volume loss through sweat. In fire fighting, water 
losses as high as 2 L per hour have been reported in 
extreme conditions (16). If the fluids that are lost are 
not replaced, heat illnesses almost certainly will occur. 
During the strenuous work, little opportunity is available 
for taking a break; therefore, because thirst is a poor 
indicator of fluid volume status, forced water breaks may 
become necessary. One of the signs of heat exhaustion is 
poor judgment, which can be fatal in a wildfire. 


Emergency Medical Services Support 


Emergency medical service (EMS) can play a critical role 
in wildland fire safety. The support of a well-prepared 
EMS system cannot be overestimated. A wildland fire is 
an ongoing disaster lasting for days or weeks. One positive 
point from a planning standpoint is that the casualties 
present from a predictable location. Typically at or near 
the fire front, EMS can play a pivotal role in triage and 
field treatment of those injured in these events. A mobile 
command post with the capability to treat several patients 
simultaneously for heat-related illness, trivial trauma, and 
respiratory complaints is able to reduce morbidity and 
the ED visits of fire personnel. A converted bus with air- 
conditioning, stretchers, oxygen, and personnel trained at 
least at the paramedical level is ideal. This could also serve 
as a medical command post or a mini-ED for more mobile 
EMS units working in the area. Triage and treatment may 
occur simultaneously with stabilization, and the units 
must have the ability to move from the area rapidly if this 
is required by the changing fire environment (personal 
discussion, K.A. Moore, 1999). 


Medical Support for Wildland Fire 
Activities 


At a recent convention of the International Association of 
Fire Chiefs, fire chiefs were asked about their perception 
of medical support for their departments. Only 14% of 
the chiefs thought their level of medical support was 
adequate, 39% thought it was inadequate, and 46% did 
not respond to the question (24). A good predictor of 
the chief’s satisfaction was the presence of a physician 
who had a good understanding of emergency operations 
and the standard operating procedures (SOPs) within the 
department. Efforts have been made to address this issue. 
Current recommendations are that physicians who are 
willing to work closely with departments within the SOPs 
be identified to serve as Fire Medical Officers (FMOs). 
A physician with knowledge of prehospital emergency 
medicine, fire fighting, and occupational medicine can 
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reduce the risk and liability of fire personnel and can serve 
as a health and safety advocate (24). m a wildland fire 
situation, an FMO serves as a liaison with other medical 
specialists who will be required, such as the EMS medical 
director, ED physicians, and the medical examiner, while 
also providing scene oversight. 


Public Education 


The importance of public education cannot be overstated. 
As more people move into the rural environment, the 
urban-vvildland interface continues to grow. People living 
in these areas continue to underestimate their risks of 
wildfire, and they demonstrate even less knowledge about 
what to do in the event of a wilderness fire (8). Both 
these facts contribute to the increasing possibility of 
injury or death in this group. Commercial companies 
are marketing equipment, such as swimming pool pumps, 
to homeowners in these urban-vvildland interface areas 
to allow them to combat wildfires themselves. Without 
adequate education or training, these people may place 
themselves in extremely hazardous situations. Armed with 
a false sense of security, they may become more likely 
to ignore evacuation warnings until too late, thereby 
endangering not only themselves but also those who come 
to their aid. 

Planners and developers should design housing devel- 
opments with more than one ingress and egress. They 
should also ensure that adequate water supplies exist in 
developments and that homeowners in the area under- 
stand the risks. Homeowners should clear a defensible 
area around their homes and opt for homes made of less 
flammable materials. They should also be educated about 
the fuels surrounding their homes and basic fire safety 
principals. 


SUMMARY 


Wildfires burn more than 2 million acres each year in 
the United States. As people move from the cities to the 
wilderness areas seeking recreation or permanent homes, 
these fires are increasingly associated with potential injury 
and loss of life. The general public tends to underestimate 
existing fire hazards, and it is usually not experienced in 
avoiding fire threats. 

Past fire exclusion practices have left some areas with 
large amounts of an unhealthy accumulation of dead 
and highly flammable fuels. This creates the risk of 
intense, fast-moving fires in these areas. To reduce these 
fuels, prescribed burning in national parks and wilderness 
areas is becoming more common. Although this reduces 
the risks associated with an accumulation of dangerous 
wildfire fuels, it increases the likelihood that the general 
public will encounter a wilderness fire. 


Fighting these fires is extremely hazardous, and injury 
is common among these firefighters. Indeed, around 20 
firefighters lose their lives each year combating wildfires. 
The most common injuries seen are respiratory com- 
plaints, heat stress, burns, and minor trauma. However, 
serious trauma associated with responses to these events, 
heart attack, and heat stroke is also possible. ED visits 
increase during these events, which can last as long as 
months, depending on the situation. Proper planning with 
firefighter, EMS, and public education is vital to reduce 
injury and loss of life. 
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VVinter Storms 


Aaron Q. Lane and S. Brent Barnes 


In the bleak midwinter, frosty wind made moan, 
Earth stood hard as iron, water like a stone; 
Snow had fallen, snow on snow, snow on snow, 
In the bleak midwinter, long ago. 
In the Bleak Midwinter: Christina Rosseti, 1872 


INTRODUCTION 


On May 12, 1986, four adults and 14 students began a 
summit ascent of Mt. Hood in Oregon. Thirteen members 
of the party ascended to within a few hundred feet of 
the summit before weather deteriorated as a late winter 
storm moved in. Five members of the party turned back 
before the arrival of the storm. Temperatures dropped, 
ranging from 15°F (—9°C) to 24°F (—4°C) with winds of 
32 to 96 kph (20-60 mph). More than 120 cm (4 ft) of 
snow fell on the party within 48 hours. The group was 
dressed warmly, but it lacked advanced survival gear. At 
approximately 2,740 m (9,000 ft), the group constructed 
a small snow cave for survival. The next morning, two 
individuals from the group successfully descended and 
joined a search and rescue operation already in effect. 
On May 14, three members of the group were found 
exposed at 2,680 m (8,800 ft) and were transported 
by helicopter to a hospital. The remaining eight people 
were found in the snow cave buried under an additional 
120 cm (4 ft) of snow on May 15. Only two had signs 
of life. All were transported to Portland hospitals where 
a coordinated treatment protocol, including rapid core 
rewarming with cardiopulmonary bypass was instituted. 
Core temperatures of the casualties on presentation 
ranged from 37°F (3°C) to 74°F (23.4°C). Of the 11 
individuals found by rescuers, only the 2 with signs of 
life upon discovery survived (1). 

The Mt. Hood tragedy is a good example of the severe 
impact of cold weather on man. Despite the remarkable 
ability of humans to adapt to harsh environmental 
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conditions, man is still a tropical creature whose ability to 
survive in cold environments can easily be overcome. 


Historical Winter Storms in the United 
States 


The most famous winter storm recorded till date in the 
United States was the 1888 blizzard. It has since been 
renamed by historians as “The Great White Hurricane.” 
During this storm, more than 56 cm (22 in) of snow fell 
on New York City, 66 cm (26 in) on Brooklyn, and 81 cm 
(32 in) on White Plains. There have been many storms in 
American history that have recorded lower temperatures 
and heavier snowfall, but none have had a more deadly 
combination of inclement conditions. Winds of greater 
than 72.5 kph (45 mph) and snowdrifts up to 15.2 m (50 ft) 
high left the northeastern United States in a transportation 
crisis that eventually led to the creation of the New York 
subway system. More than 400 people lost their lives in 
this storm, making it the cause of the most significant 
known mortality of any winter storm in US history. In 
late January 1967, a severe winter storm hit the city of 
Chicago, delivering 61 cm (24 in) of snow in just over 29 
hours. The city lay paralyzed for several days below 24 
million tons of snow. Another storm in 1969 covered the 
metro areas of New York City and Boston with an average 
of 61 cm (25 in) of snow. Winter storms continue to occur 
with regularity, including, for example, a massive storm 
in 1993 that essentially paralyzed the United States east of 
the Mississippi River for days. 


EPIDEMIOLOGY 


Winter storms and cold-related fatalities reported to the 
National Weather Service (NWS) in 1997 accounted for 
141 deaths and more than 573 injuries, which was second 
only to the total for tornado injuries for the same year (2). 
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This is likely an underestimate as there is no requirement 
to report injuries. Approximately 70% of injuries are 
secondary to motor vehicle collisions, and 20% occur 
from being caught outside in the storm. Other anticipated 
injuries include the following (3): 


m Carbon monoxide poisoning 

m Falls secondary to slippery walkways 

m Hypothermia and frostbite 

m Being struck from falling objects (icicles, tree limbs or 
utility poles) 

m Electrocution from downed power lines 

m Fall from heights while removing snow from roofs 

m Roofs collapsing under the weight of the snow 

m Dehydration or exhaustion 

m Back injuries, musculoskeletal strain 

m Myocardial infarction 


FORMATION OF WINTER STORMS 


A specific combination of weather conditions must be 
present to trigger a winter storm. These conditions most 
commonly exist in the United States from November 
through April, but they may occur as early as October 
and as late as May. The jet stream typically begins to dip 
south across the states during this time. This southerly 
meander can allow extremely cold polar air to expand into 
the United States. At the same time, tropical moist air 
continues to feed north into the states from the Gulf of 
Mexico. Along the boundary of these two air masses, the 
warm moist air at a low altitude begins to flow up and over 


the denser, dry polar air. This results in condensation, 
the formation of clouds, and precipitation. Depending 
on what the surface temperatures are, precipitation may 
fall as snow, ice, or rain. Such storm systems may be 
expansive, extending from the southern Gulf States to 
the Great Lakes region. Figure. 21-1 depicts the common 
weather pattern associated with severe winter storms in 
the United States. 

Although this phenomenon is uncommon, winter 
storms occasionally extend well into the southern United 
States. On January 7 and 8 in 1973, north Georgia and 
the Atlanta region experienced a winter storm. More than 
5.5 cm (2.25 in) of freezing rain and sleet blanketed the 
area over a 2-hour period, with the surface temperatures 
remaining at 32°F (0°C). This resulted in electrical 
power failure for more than 300,000 people for longer 
than 1 week. Storms of this nature may be particularly 
dangerous in regions of the country that are unprepared to 
deal with ice, snow, and frigid temperatures. Figure. 21-2 
demonstrates the dramatic effect of severe winter storms 
on roads and utilities. 


INJURY PREVENTION 


The NWS issues winter storm warnings in the United 
States. Collections of historic and current data are used 
in computer models to create long-range winter weather 
predictions. Short-range predictions are made by coupling 
these models with real-time data from surface and air 
measurements, as well as with radar and satellite imaging. 


FIGURE 21-1. Common weather 
pattern associated with severe winter 
storms in the United States. 
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FIGURE 21-2. Illustration of the impact of severe winter 
weather on roads and utilities. (Source: NOAA photo library 
available at http:/;www.photolib.noaa.gov/collections.html with 
permission.) 


Perhaps nothing has had a greater impact on preventing 
the dangerous effects of a winter storm on a community 
than educating the public on what measures can be taken 
to protect themselves. This must be done before the arrival 
of the storm to allow time for preparation. Emergency 
departments (EDs) and emergency medical service (EMS) 
systems may be participants in this educational process. 

Various advisories and warnings may be issued by the 
NWS. A frost or freeze warning means that temperatures 
below freezing are expected and that damage to plants 
or trees can result. A winter storm advisory implies that 
winter weather conditions can be expected to cause incon- 
veniences and delays, especially for motorists. A winter 
storm watch implies that a winter storm is likely. A winter 
storm warning implies that a storm is moving into the area 
and that the public should take protective action. A blizzard 
warning means that significant snow and strong winds will 
produce deep drifts, poor visibility, and life-threatening 
cold. The public should seek protection immediately. 

Specific measures should be stressed before the arrival 
of a winter storm. The ED and EMSs may provide patient 
education to the public about winter storms during high- 
risk seasons. These measures include the following (4): 


1. Monitor a National Oceanic Atmospheric Administra- 
tion (NOAA) weather radio, local radio, and/or the 
local TV station for forecasts and information includ- 
ing emergency instructions. 

2. Avoid going outside unless it is absolutely necessary. 

3. Dress appropriately when going outside, including 
several layers of loose-fitting, lightweight dry clothing. 
Hats minimize heat loss through the head, and cover- 
ing the mouth with a scarf can minimize respiratory 
heat loss. 

4. If leaving or evacuating, tell others the destination 
and follow routes designated by local officials. 


5. Conserve fuel by keeping homes cool but not cold. 
6. Shut off heat temporarily to rooms in the house not 
being used. 
7. Keep heaters away from flammable objects. 
8. Maintain ventilation to avoid toxic fumes when using 
kerosene heaters. 
9. Check on neighbors, especially the very young and the 
elderly, and pets. 
10. Beware of overexertion and recognize that shoveling 
snow in extreme cold can induce a heart attack. 
11. Report any downed power lines and gas leaks. 
12. Be cautious of structural damage to homes and build- 
ings due to snow and ice build up. 
13. Winterize your house in advance, including the instal- 
lation of storm shutters and roof repairs. 
14. Develop an emergency survival kit for the home and 
car. 
15. Have an adequate supply of home staples, including 
canned foods. 
16. Remember that community shelters are available for 
those who need assistance. 


Becoming caught in a stranded car during a winter 
storm can turn into a deadly experience. If one is stranded 
in a car during a winter storm, the following guidelines 
should be stressed (4): 


1. Pull off the road and turn on flashing hazard lights. 

2. Hang a distress flag from the antenna. 

3. Remain in the car as rescuers will be most likely to 
find you there. Do not attempt to walk to safety during 
a storm unless a building is within sight and is open 
for shelter. 

4. Run the engine and heater for 10 minutes every hour 
to conserve fuel (open window slightly to prevent 
carbon monoxide toxicity). 

5. Huddle together to maintain heat if other people are 
in the car. 

6. Keep blankets in the car during the winter season. 

7. Use seat covers, maps, paper, or any extra clothing for 
covering if a blanket is not available. 

8. Turn on the inside dome light periodically for rescuers 
to see, but avoid running the battery down. 

9. Spread a large cloth or blanket on top of the snow to 
attract rescuers by air if in a remote area. 

10. Stay on the road and use distant points as landmarks 
if, after the storm is over, you need to leave the car by 
foot. 

11. Carry a cellular telephone. 


The Wind Chill Index 


The wind chill index is a derived value based on a 
function of the rate of heat loss from skin exposed to 
various ambient temperatures and wind velocities. The 
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Frostbite times 


importance of the wind chill index is not to determine how 
cold it “feels,” but to estimate the duration of exposure that 
may be tolerated by exposed skin before cold injury occurs. 
For example, if the air temperature is 0°F (—17.7°C) and 
the wind is blowing 24 kph (15 mph), the wind chill is 
—18°F (—28°C). Wind chill applies only to living creatures, 
as inanimate objects cannot cool to a temperature lower 
than the ambient air temperature. In November 2001 the 
NWS instituted a new wind chill temperature (WCT) index 
designed to more accurately predict the effects of wind and 
cold air on human skin. The former index was based on 
research performed by Antarctic explorers in the 1940s. 
These researchers studied the cooling rate of water, rather 
than the cooling rate of human flesh. Because human 
flesh freezes slower than water, the wind chill index that 
was created on the basis of this research was flawed. It 
underestimated the time to freezing and overestimated 
the chilling effect of the wind. The new WCT index has 
many advantages over the former system. The new WCT 
index has been validated by studies performed on human 
subjects using a human face model. Also the new index 
includes a frostbite indicator that shows the points at 
which wind speed, temperature, and exposure times will 
create frostbite on human skin and is demonstrated in 
Fig. 21-3 (5). 


MECHANISMS OF HEAT REGULATION 


The primary mechanism for conserving heat in humans 
is behavioral. Individuals with normal sensorium and 
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FIGURE 21-3. The wind chill in- 
dex and estimated frostbite times. 
(Data provided by the NOAA’s na- 
tional weather service, available 
at http://vyvvvv.nvvs.noaa.gov/om/ 
vvindchill/index.shtml.) 


mental alertness will seek a warm environment if it is 
available. If they are unable to do so and the loss of core 
body heat progresses, mental alertness rapidly deteriorates 
to the point that further protective actions will no longer 
be taken. 

Heat is lost through the following four mechanisms: 
(a) radiation, (b) convection, (c) conduction, and (d) evap- 
oration. Radiation, in which heat is transferred by elec- 
tromagnetic waves, accounts for almost two-thirds of heat 
loss in a cold environment. Radiant heat loss can be min- 
imized by wearing warm clothing and by positioning the 
body in a curled-up position. This minimizes the body 
surface area that is exposed to the cold environment. Con- 
duction is the transfer of heat from warmer to cooler 
objects by direct contact. Heat loss through conduction 
is usually minimal, but it becomes a major source of 
heat loss in wet clothes or with cold water immersion. 
Conductive heat losses can be increased by five times in 
wet clothing and 25 times in cold water (6). Convection 
is the loss of heat to surrounding air and water vapor. 
Heat loss by convection is dependent on a combination 
of wind velocity and environmental temperature. Seeking 
shelter from the wind will reduce heat loss by convection. 
Evaporation is the heat lost when a liquid is converted to 
gas. Evaporative heat loss increases on dry days. Sweating 
and an increased respiratory rate with physical exertion 
increase heat loss in the cold. 

In addition to minimizing heat loss through the previ- 
ous mechanisms, the body may increase heat production 
in response to cold. This occurs primarily through the 
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mechanism of shivering. In addition, vasoconstriction of 
the peripheral and superficial vasculature occurs, shunt- 
ing warm blood away from the skin and to the body 
core. These mechanisms are controlled by the hypothala- 
mus, and they appear and disappear at specific degrees 
of hypothermia. When the core body temperature falls 
below 95°F (35°C), vasoconstriction and shivering occur. 
As the core body temperature falls below 89°F (32°C), 
shivering discontinues and vasoconstriction is the only 
method of heat conservation. Below 75°F (24°C), all heat 
conservation mechanisms fail (6). 


COLD INJURIES 


Cold injuries can be divided into local cold injuries 
and the systemic state of hypothermia. Hypothermia is 
further classified as mild, moderate, or severe and will 
be discussed later. The local cold injuries are divided 
into the freezing injuries of frostbite and frostnip and 
the nonfreezing injuries of chilblains and trench foot. 
The pathophysiology of frostbite injury generally occurs 
according to the following four phases, although these 
phases may overlap (7,8): 


1. Prefreeze Phase: In this phase, arterial constriction 
with venous dilation occurs, leading to transendothelial 
plasma fluid leakage. Tissue temperature ranges from 
37°F (3°C) to 50°F (10°C). 

2. Freeze-Thaw Phase: Actual extracellular and then 
intracellular ice crystal formation occurs. This is 
observed when the tissue temperature drops below 
the freezing point. 

3. Vascular Stasis Phase: This phase involves further 
arterial vasospasm and plasma leakage with stasis, 
coagulation, and shunting resulting in tissue hypoxia. 

4. Late Ischemic Phase: This stage is produced by 
thrombosis and ischemia, and it progresses to gangrene 
and neural damage. 


Local Cold Injuries 


Nonfreezing cold injuries include trench foot and 
chilblains or pernio. Trench foot is seen when wet feet 
are continually exposed to cold temperatures develop- 
ing slowly over hours to days. Initially, the patient has 
burning and numbness of the feet, followed by erythema, 
swelling, mottling, and numbness. Ice crystal formation 
does not occur. Anesthesia and cold sensitivity can persist 
for weeks, or they can be permanent. The prognosis of 
trench foot is better than that of frostbite. 

Chilblains or pernio is characterized by localized ery- 
thema, plaques, nodules, or vesicles caused by chronic 
intermittent exposure to damp, nonfreezing cold temper- 
atures. It is most commonly seen in the hands, feet, ears, 


and lower legs, and it is more common in women than 
men. The skin lesions appear 12 to 14 hours after expo- 
sure to cold, and they are accompanied by pruritus and 
paresthesias (7,9). 

Frostnip is an early stage in the continuum of frostbite, 
and it is a superficial cold injury without ice crystal 
formation or tissue damage. Clinically, the involved area is 
pale from vasoconstriction, and mild burning or stinging 
is usually felt. Symptoms improve with rewarming, and 
no long-term tissue damage occurs. 

Frostbite can occur anywhere, but it is most commonly 
observed on the nose, ears, face, hands, and feet. It can 
be divided into superficial and deep injuries. Erythema, 
mild edema, and lack of blisters characterize first-degree 
frostbite. Typically, it is accompanied by mild stinging 
or burning. Second-degree frostbite is characterized by 
erythema and edema, followed by the formation of clear 
blisters in 6 to 12 hours. The blisters may desquamate into 
black eschars over several days. Initially, the patient will 
have numbness, which is followed by a deep throbbing. 
First-degree and second-degree frostbite injuries usually 
portend a good prognosis. 

Deep frostbite injuries are those that extend beyond 
the epidermis. Third-degree frostbite results in dark 
hemorrhagic blisters and skin necrosis. Often, a blue- 
gray discoloration of the skin is seen. Initially, the area 
feels numb and heavy, but the sensation progresses to 
intense burning and throbbing. Fourth-degree frostbite 
is characterized by the extension of the injury into the 
muscle, bone, or tendons. Little edema is present. The 
skin is mottled and cyanotic, and it will be transformed 
into a dry, black mummified eschar. The patient suffers 
from a deep, aching pain. The prognosis of deep frostbite 
injuries is poor (9). 


Hypothermia 


Hypothermia is defined as a core temperature of less 
than 95°F (35°C). While hypothermia can affect virtually 
any organ system in the body, the most prominent 
effects are on the neurological and cardiovascular systems. 
The clinical manifestations of the various stages of 
hypothermia are well defined. Mild hypothermia is a 
core body temperature between 89°F (32°C) and 95°F 
(35°C). In this range of core temperature, the body 
undergoes an excitation stage in which attempts are made 
to generate heat. Shivering is accompanied by an increase 
in the metabolic rate. The heart rate, blood pressure, 
and cardiac output all increase. Moderate hypothermia is 
seen with a core temperature between 80°F (27°C) and 
89°F (32°C). As the temperature drops below 89°F (32°C), 
progressive slowing of all bodily functions is observed. 
Shivering ceases between 86°F (30°C) and 89°F (32°C). 
Decreased mentation develops, and atrial fibrillation or 
other arrhythmias may occur. Below 82°F (28°C), the 
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FIGURE 21-4. The concepts of core temperature afterdrop, and revvarming acidosis in the 


hypothermic casualty. 


irritability of the myocardium increases, making the 
patient susceptible to the development of ventricular 
fibrillation with minor cardiac stimulation. At 77° F (25°C), 
voluntary motion stops, loss of reflexes occurs, and 
cardiac output drops to less than 50% of normal. The 
lowest reported accidental hypothermia survivor thus far 
has been an infant whose initial core temperature was 
59°F (15.2°C). The signs and symptoms of progressive 
hypothermia are summarized in Fig. 21-4. 


High-Risk Populations for Hypothermia 


Certain individuals are more susceptible to hypothermia in 
winter storms. Neonates and infants lose heat more readily 
because of their larger surface area to volume ratios. The 
elderly may lose their ability to sense cold. Those with 
altered sensoria may neither take protective actions nor 
remove themselves from the cold. Accidental hypothermia 
will be obvious in some scenarios, such as when a lost 
hiker was found unconscious in a winter storm. An 
elderly woman found with altered mental status inside 
a cool, unheated home may, however, be less obvious. 
Measuring the core temperature in every patient in whom 
hypothermia is suspected is crucial. Thermometers that 


can measure low temperatures must be used, as most 
commonly available thermometers will not read below 
95°F (35°C). 


PREHOSPITAL CONSIDERATIONS 


Proper winterization and maintenance of EMS vehicles 
are necessary during winter storm conditions. Good 
engine and electrical maintenance are essential, as well 
as that of cabin heat and environmental support systems. 
Additional winter supplies, such as water, food, lights, 
and warm clothing, should be placed in the vehicles in 
the event that crews become stranded. Although snow 
tires and chains may be placed on vehicles, no vehicle 
performs well on ice. Under such conditions, vehicle 
contact incidents will be common. Consideration should 
also be given to alteration of normal posting positions to 
avoid external postings in frigid temperatures. 

Storage of medications in ambulances or helicopters 
in cold weather can be a problem. The United States 
Pharmacopoeia recommends storage of most medications 
between 59°F (15°C) and 86°F (30°C). A recent study 
measuring temperatures inside a drug storage box carried 
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by paramedics on helicopters indicated that medications 
are exposed to extremes of temperature vvell outside the 
recommended range in periods of inclement weather (10). 
The impact that the extreme temperatures have on the 
degradation of the drugs is unclear. However, a strong 
recommendation is that medications should be removed 
from the ambulance or helicopter and stored in a room 
temperature environment when they are not being used. 

EMS personnel should be properly equipped with 
protective equipment against the cold weather. The 
mnemonic COLD may be used in reference to insulation 
against cold weather. This includes Clean, Open clothing 
during exertion to avoid sweating, Loose layers to retain 
heat, and Dry clothing to minimize conductive losses (6). 
Gloves are necessary, but they may need to be temporarily 
removed for some procedures, such as starting an 
intravenous (IV) line or intubation. In extreme cold and 
blizzard conditions, eye protection may be needed to 
prevent cold-induced or ultraviolet-induced keratitis. EMS 
personnel should have access to heated areas when they 
are not directly involved in patient care. Shifts may need 
to be shortened as cold stress has been shown to reduce an 
individual’s working ability (11). EMS personnel should be 
educated on how to recognize the early symptoms of cold 
injuries in themselves and their coworkers. They should 
immediately seek medical treatment when such symptoms 
arise. 


Prehospital Localized Cold Injury 
Interventions 


Optimal treatment of cold-related injuries must begin 
before hospital arrival. All EMS systems should have 
protocols for the care of patients with localized and 
systemic cold injuries. Prehospital care of the patient 
with local cold injuries such as frostbite should focus on 
preventing further damage to the injured tissue. Although 
the degree of tissue injury has been shown to correlate with 
the length of time the tissue is frozen, aggressive wound 
management in the field should be avoided. Thawing of 
frozen extremities can be performed best in the ED. The 
primary concern with regard to thawing tissue in the field 
is the risk that the tissue may be exposed to further cold 
and refreezing. The repetition of the freeze-thaw cycle 
causes substantially more tissue damage than a single 
freeze-thaw cycle (7). Reperfusion of an area with frostbite 
results in increased leakage of fluid into interstitial 
areas through damaged capillaries, increased intracellular 
swelling, platelet aggregation, vasoconstriction, and the 
release of oxygen-free radicals. One exception to the 
guideline of not thawing frozen tissue in the field is when 
transport to the ED will take more than 2 hours. In this 
situation, field thawing may need to be considered. Great 
care should be taken, however, to prevent any further 
exposure of the injured tissue to cold. 


In general, the prehospital approach to localized cold 
injuries should follow the simple guidelines detailed as 
follows (4,7): 


1. Remove wet or constrictive clothing. 

2. Elevate the affected extremity, and wrap it in dry sterile 
gauze or other dressings. Carefully separate the fingers 
and toes if they are involved. 

3. Avoid a constricting wrapping, if splinting the area for 
comfort. Splinting is not necessary, but it may be used 
for comfort. 

4. Avoid rubbing, massaging, or other mechanical stim- 
ulation to the injured areas. This increases tissue 
damage. 

5. Keep the area away from heat sources, such as a 
campfire or car heater, to prevent partial thawing. 

6. Leave blisters intact. 

. Transport as quickly as possible to an ED. 

8. Administer judicious amounts of parenteral analgesics 
during transport. 


wl 


Rewarming is a complicated process, and it should 
only be attempted in the field if the appropriate equip- 
ment and trained personnel are available and if transport 
to an ED will require more than 2 hours. Basic guidelines 
for field rewarming are similar to the requirements for ED 
rewarming (7,9). No wound debridement should be per- 
formed before hospitalization. Adequate analgesia should 
be provided during rewarming as parenteral morphine or 
other narcotic analgesic because the process is often in- 
tensely painful. Elevate the extremity, and splint as needed 
for comfort. Avoid constrictive wrapping or bandages, but 
do cover the area with sterile bandages or gauze. Transport 
the patient to an ED as soon as this is feasible. 

All patients with suspected frostbite should be trans- 
ported as soon as possible. The severity of frostbite is 
difficult to assess in the field. Even patients who appear to 
have only mild frostbite should be transported. All patients 
with frostbite should be suspected of having hypothermia. 


Prehospital Hypothermia Interventions 


Treatment of suspected hypothermia should begin as 
soon as possible. Field treatment depends on the severity 
of the hypothermia. A general summary of prehospital 
care of hypothermia is to rescue, examine, insulate, 
and transport. Rapid assessment of the patient’s mental 
status, vital signs, and possible traumatic injuries should 
be implemented. The casualty should be removed from 
the cold environment and sheltered from the wind. Wet 
clothing should be taken off. A low-reading thermometer 
should be used to measure the core body temperature. 
The patient should be connected to a cardiac monitor 
and should be closely watched for ventricular fibrillation. 
The patient should be transported in a horizontal position 
and should be handled carefully to avoid the induction 


21. VVinter Storms 243 


of ventricular fibrillation. For a casualty with mild 
hypothermia who is awake and alert, the prognosis is good 
regardless of the method of rewarming. These casualties 
need simple, external passive rewarming using blankets or 
active external rewarming by applying hot water bottles 
to the axilla and groin. Warmed humidified oxygen and IV 
fluids are usually adequate. These methods can increase 
the patient’s core temperature by 32°F (0.5°C) to 33°F 
(1°C) per hour (12). 

Treatment of casualty with moderate-to-severe hy- 
pothermia in the field is more controversial. An individual 
who is hypothermic and has lost the ability to shiver can- 
not be effectively rewarmed in the field. Such a casualty 
should be transported emergently to the hospital. All casu- 
alties should be placed on a cardiac monitor and observed 
for ventricular fibrillation. Individuals with a pulse should 
be treated with external core rewarming. This is accom- 
plished primarily with insulation and warm humidified 
oxygen administration. In the casualty with spontaneous 
respiration, warm oxygen administration using a mask is 
adequate. If the casualty requires endotracheal intubation, 
the concern about induction of ventricular fibrillation is 
real. However, a recent prospective study of hypother- 
mic casualties suggests that endotracheal intubation will 
not induce ventricular fibrillation (13). Warmed IV flu- 
ids may also be administered, with a 250-mL to 500-mL 
bolus of warmed normal saline. Care should be taken to 
insulate the IV line to prevent cooling to room temper- 
ature (although this will likely be still warmer than the 
patient). Altered mental status protocols, including nalox- 
one and thiamine administration and fingerstick glucose 
measurement, should be part of the routine. 


Rewarming Complications 


Core temperature afterdrop and rewarming acidosis are 
manifest by the continued decline of the core temperature 
and worsening acidosis after rewarming has begun. 
These phenomena have traditionally been attributed to 
peripheral vasodilation caused by rewarming of the 
extremities, which results in the return of cold, lactic 
acid-rich blood to the body core. Another theory suggests 
that core temperature afterdrop may also be explained by 
continued conduction of heat from the warmer core to the 
cooler periphery after rewarming is initiated (14). Because 
of the risk of core temperature afterdrop and rewarming 
acidosis, active external rewarming methods, such as 
warmed water bottles, hot packs, or heating blankets, 
should be avoided in the casualty with moderate-to-severe 
hypothermia. Instead active core rewarming methods to 
warm the body core may be undertaken, while avoiding 
active external rewarming of the extremities (these are 
discussed momentarily) (12). Figure 21-4 demonstrates 
the concept of core temperature afterdrop and rewarming 
acidosis. 


The patient with severe hypothermia and cardiac arrest 
presents unique problems. A patient who is in cardiac 
arrest and who is hypothermic should not be considered 
dead until he or she has been warmed. Case reports 
of patients with hypothermia and prolonged periods 
of cardiac arrest who have survived with no long-term 
sequelae are found. The pulse can be difficult to palpate 
in the severely vasoconstricted, bradycardic casualty. One 
should palpate for a pulse for more than 45 to 60 seconds. 
If no pulse is detected, cardiopulmonary resuscitation 
(CPR) should be started. If ventricular fibrillation is 
present, defibrillation should be attempted three times 
at 200, 300, and 360 J. If this is unsuccessful, further 
defibrillation is unlikely to be effective until the core 
temperature is increased to at least 86°F (30°C). No 
further defibrillation attempts should be conducted until 
the core temperature is raised. Cardiac pharmaceuticals 
have an unpredictable action in the hypothermic patient. 
Therefore, CPR should be continued, and the patient 
should be rapidly transported to an ED where active 
core rewarming can be attempted. An approach to the 
prehospital hypothermic patient in cardiac arrest is 
presented in Fig. 21-5. 


Prehospital Triage of Hypothermic 
Casualties 


The treatment of hypothermic patients in a mass casualty 
incident or disaster situation follows the recommended 
protocols. However, triage decisions vary depending on 
the number of casualties and the resources available. If 
resources are overwhelmed, triage should focus on pro- 
viding the most intense care for those casualties with the 
best overall chance of survival if immediate interventions 
are applied. Therefore, hypothermic casualties in cardiac 
arrest may need to be initially triaged as expectant, as 
they have a much poorer prognosis than those with vital 
signs. Little beyond anecdotal information exists for mak- 
ing triage decisions with multiple hypothermic casualties 
(see Chapter 2). 


Air Medical Transport 


Air medical transport of hypothermic casualties warrants 
special consideration. This has not been well studied, but it 
may have advantages such as transfer to a facility capable 
of cardiopulmonary bypass. Concerns have been raised 
about the increased wind-chill factors due to helicopter 
downdraft and the cool temperature in the helicopter. 
However, a retrospective review of hypothermic patients 
transported by helicopter indicated the absence of adverse 
consequences from helicopter transport (15). Attempting 
to shift patients should be done after engine shutdown 
when possible to avoid the rotor downdraft. Air medical 
transport becomes a good option for the transport 
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FIGURE 21-5. The prehospital ap- 
proach to the hypothermic casualty 
in cardiac arrest (temperature equiv- 
alent for 30°C is 86°F). Abbreviation: 
CPR, cardiopulmonary resuscitation; 
PEA, pulseless electrical activity; ED, 
emergency department. 


No further medications 
or defibrillation attempts 


of the hypothermic patient when the environmental 
circumstances prohibit or retard ground transport. 

Helicopter transport may be impossible due to adverse 
weather conditions. The most common condition that 
precludes helicopter transport is icing. Federal aviation 
regulations prohibit any pilot from taking off in icing 
conditions unless the aircraft has been equipped with 
deicing equipment. As this type of equipment is rare in 
helicopters, icing conditions usually prohibit such flights. 
In these circumstances, fixed-wing transport may be an 
alternative. Air medical systems must abide by federal 
flight safety regulations for flying in extreme weather, even 
in the instances of a mass casualty incident or disaster. 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


Winter storms have a direct impact on the ED. Emergency 
electrical power generators should be in good working 
order. Equipment to maintain the access and egress 
routes to the ED should be available. Sufficient facility 
maintenance, support, and administrative staff should be 
available to meet hospital needs. ED equipment required 
for treating cold-related injuries should be inspected and 
readied for potential cases. 

When a winter storm warning is issued for a specific 
area, each ED should have a plan to augment staffing 
before the storm impact. Staff may become stranded at 
the hospital, and the relief staff may not be able to come 
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in. The staff stranded in the ED may be required to work 
for the next 24 to 48 hours. Work-rest cycles should be 
used to reduce fatigue. In addition, the staff will likely be 
concerned about their families if they are unable to get 
home. Efforts should be made to help staff tend to personal 
matters to ease their fear and stress. Plans to accommodate 
stranded ED staff members should also be implemented. 
Sleeping quarters need to be available, in addition to 
nourishment, hot beverages, showers, and fresh scrubs 
(most hospitals provide this service free during winter 
storm conditions). 

Depending on the severity of the weather conditions, 
consultant staff (e.g., surgeons, intensivists, and pediatri- 
cians) may not be able to reach the hospital for some 
time. Alternate modes of transport may need to be ar- 
ranged through law enforcement or other public service 
agencies that have vehicles able to traverse the weather. 
Air medical units have been used in the past to pick up 
staff and transport them to the hospital when a critical 
need has arisen. 


Emergency Department Local Cold 
Injury Interventions 


The treatment of frostbite and local cold-related injuries 
in the ED centers on rapid rewarming. Although rapid 
rewarming of local cold injuries is important, this should 
not delay the identification and treatment of systemic 
hypothermia. A rapid but thorough history should be 
obtained as treatment is started. The length of exposure, 


21. VVinter Storms 245 


an environmental temperature estimate, vvind velocity, 
the presence of clothing (including whether it was wet or 
dry), prehospital treatment, and the underlying medical 
conditions are important pieces of information. 

With local cold injuries, the injured extremity should 
be placed in water warmed to 104°F (40°C) to 107°F 
(42°C). The water temperature must be kept in that range 
for optimal thawing and the prevention of burning. The 
extremity should be kept in the warmed water for 10 to 
30 minutes, at which time the distal areas of the frostbite 
injury should begin to be pliable and erythematous. This 
process is extremely painful, and parenteral analgesics or 
conscious sedation may be necessary. Efforts should be 
made to minimize hospital transfers because these might 
expose the patient to extreme cold again, resulting in 
refreezing. If transfer is necessary, the patient must be 
protected from the cold. 

After rapid rewarming, attention is focused on pre- 
venting further ischemia by minimizing the production of 
local and systemic thromboxane, which contributes to lo- 
calized ischemia in damaged tissue. A suggested protocol 
for treatment to minimize further ischemia includes the 
following guidelines (16): 


1. Debride white blisters after rewarming because they 
have a high concentration of thromboxane. Apply 
topical aloe vera, which helps block the arachidonic 
acid cascade, and leave hemorrhagic blisters intact. 

2. Elevate and splint the extremity, keeping fingers and 
toes separated by cotton or gauze. 

3. Apply aloe vera every 6 hours. 

4. Administer tetanus prophylaxis. 

5. Use parenteral analgesics, such as morphine or other 
narcotic analgesics, as needed. 

6. Administer ibuprofen, 400 mg, orally every 12 hours. 

7. Administer penicillin G, 500,000 U, intravenously 
every 6 hours for 2 to 3 days. 

8. Perform hydrotherapy for 30 to 45 minutes at 104°F 
(40°C). The following solutions are recommended 
with hydrotherapy: 

For a large tank of 425 gallons, the fill level is 285 
gallons. Use NaCl, 9.7 kg; KCl, 282 g; and 95 mL of 
calcium hypochlorite solution. 

For a medium tank capacity of 270 gallons, the fill 
level estimate is 108 gallons. Use NaCl, 3.7 kg; KCl, 
107 g; and 36 mL of a calcium hypochlorite solution. 
For a small tank capacity of 95 gallons, the fill level 
estimate is 72 gallons. Use NaCl, 2.5 kg; KC1, 71 g; 
and 24 mL of a calcium hypochlorite solution. 

9. Photograph injured areas for documentation on 
admission, again at 24 hours, and then every 2 to 
3 days until the patient is discharged. 

10. Instruct the patient to avoid cold exposure when 
discharging him or her. Ibuprofen and aloe vera 


should be continued. The patient should be observed 
weekly until the wounds are stable. 


Interest has been shown in the use of low molecular 
weight heparin, hyperbaric oxygen, and intra-arterial 
reserpine for treatment of frostbite. No studies have 
indicated a clear benefit with the use of these agents. 
One must emphasize that surgery has little role in the 
early management of frostbite, but it may be necessary 
later in the course if gangrene is present. 

Almost all casualties with frostbite should be admit- 
ted. No patient with even minimal frostbite should be 
discharged from the ED unless the assurance is present 
that they will not go back into the cold. Frostbite casual- 
ties need consultations with social workers to make sure 
that they have adequate transportation, a warm environ- 
ment, proper clothing, and an ability to keep follow-up 
appointments before they can be discharged. 


Emergency Department Hypothermia 
Interventions 


The treatment of systemic hypothermia in the ED is 
based on the severity of the symptoms and the degree 
of hypothermia. As in the field, the initial treatment of 
all patients should be to prevent further cold injury, 
which includes the removal of wet garments and the 
prevention of further heat loss by protecting from air 
movement, covering the patient, and establishing the 
airway, breathing, and circulation (ABC). Evaluation 
for other traumatic injuries should be conducted. The 
patient’s core temperature and underlying cardiac rhythm 
should be evaluated. If the patient has an altered mental 
status, naloxone, and thiamine should be administered, 
and bedside blood glucose should be obtained. For 
mild hypothermia (93°F [34°C]}-96°F [36°C]), passive 
rewarming with blankets with warmed humidified oxygen 
and IV fluids heated to 109°F (43°C) is usually adequate. 
For casualties with moderate hypothermia (86°F 
[30°C])-93°F [34°C]) who are hemodynamically stable, 
active external rewarming should be added, with heat 
applied to the truncal area only. This is accomplished by 
water bottles or electric warming devices (12). At tempera- 
tures of less than 86°F (30°C), casualties are at significant 
risk for dysrhythmias. The typical progression of dys- 
rhythmias begins with sinus bradycardia with eventual 
deterioration to atrial fibrillation with a slow ventricular 
response and finally ventricular fibrillation and asystole. 
The Osborn J wave and other possible electrocardio- 
graphic (ECG) findings are demonstrated in Fig. 21-6 (14). 


Pharmaceuticals 


Most rhythm disturbances convert with rewarming alone, 
so aggressive therapy is not indicated. The hypothermic 
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Prominent J (“Osborn”) waves may be seen 
with severe hypothermia (late, terminal 
upright deflection of QRS complex; best seen 
in leads V3-V6), and nonspecific QRS 
widening. 


FIGURE 21-6. The prominent J or Osborn 
wave and other electrocardiographic find- 
ings commonly associated with hypothermia. 
Abbreviation: QT, Q-T interval. 


heart is generally resistant to atropinzation, pacing, de- 
fibrillation, and other cardioactive drugs. Contradictory 
to emergency medicine dogma, Osborn J waves (positive 
deflection at the end of the QRS complex) are typical, 
but not pathognomonic of hypothermia (14). Bretylium 
tosylate, once considered the antiarrhythmic of choice 
for hypothermia-induced ventricular dysrhythmias, has 
recently fallen out of favor due to mixed experimental 
data and widespread shortage of the drug. Most studies 
involving bretylium used for hypothermia-induced ven- 
tricular dysrhythmias demonstrate benefit only in dogs 
when the drug is administered prophylactically. No con- 
trolled studies exist to prove any benefit of amiodarone for 
hypothermia-induced dysrhythmias. Stoner et al. recently 
used a canine model to compare amiodarone, bretylium, 
and placebo for the treatment of hypothermia-induced 
ventricular fibrillation. The study did not reveal any sig- 
nificant difference in return of spontaneous circulation 
between any of the groups (17-20). 


Active External Rewarming 


Active external rewarming of the extremities should be 
avoided in severe hypothermia because it promotes core 
afterdrop due to peripheral vasodilation. Observation for 
core temperature afterdrop, which manifests with hy- 
potension, acidosis, and arrhythmias, should be a priority. 


Active Internal Rewarming 


For casualties with severe hypothermia (<86°F [30°C]) or 
for those who are hemodynamically unstable, active inter- 
nal rewarming must be conducted. Several techniques 
of active internal rewarming are used. Endotracheal 
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e Muscle tremor 

e Atrial fibrillation 

e Junctional 
rhythm 

e Ventricular 
fibrillation 


e Asystole 


intubation and the application of warm humidified oxygen 
are usually the first steps. Lavage of the gastrointestinal 
tract and bladder can be done with normal saline warmed 
to 104°F (40°C). The saline is placed into the stomach 
through a nasogastric tube or into the bladder by Fo- 
ley catheter and is left for 15 minutes. The fluid is then 
aspirated or drained and is replaced by more warmed 
fluid. Airway aspiration is a risk during gastric lavage, 
and caution is required if the patient is not endotracheally 
intubated. Pleural rewarming can be done with two tho- 
racotomy tubes in each hemithorax: one tube is used for 
inflow and the other for outflow of warmed sterile saline. 
Input and output must be monitored carefully to prevent 
an iatrogenic tension hydrothorax (14). A left thoraco- 
tomy can be done, and the cold heart can be bathed in 
warm sterile saline in patients with pulseless electrical 
activity. Peritoneal lavage or dialysis with warm isotonic 
dialysate or normal saline may also be used. This ap- 
proach is similar to a diagnostic peritoneal lavage. Two 
liters of isotonic dialysate or normal saline warmed to 
104°F (40°C) to 113°F (45°C) is used, is retained for 20 
to 30 minutes, and then removed through aspiration or 
drainage (6). 

The best technique for active core rewarming is 
cardiopulmonary bypass. The advantage is not only rapid 
core rewarming but also the maintenance of blood flow 
and oxygenation even without cardiac output, which 
is due to the severe hypothermia. The most common 
approach is to use the femoral vein and artery for 
vascular access. Pump-assisted cardiopulmonary bypass 
is initiated, and the blood is warmed and oxygenated. 
The core temperature can be increased by 49°F (9.5°C) 
per hour with this technique. This method is the active 
core rewarming technique of choice when the patient is in 
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cardiac arrest or when the patient has a core temperature 
of less than 77°F (25°C) (21). However, cardiopulmonary 
bypass requires special equipment and trained personnel; 
it is not universally available, and it usually cannot be 
done immediately on arrival at the ED. 


Emergency Department Triage 
Considerations of Hypothermic 
Casualties 


The treatment of multiple hypothermic patients in a 
mass casualty incident during a winter storm follows 
the same principles of treatment as those for a single 
patient. However, with a large number of casualties, 
attention must be focused on resource utilization. Several 
hypothermic patients presenting in cardiac arrest will 
represent a significant problem for any ED. Generally, 
a hypothermic patient is never considered dead until 
the core temperature is increased to 82°F (28°C) to 
86°F (30°C). Therefore, the presentation of multiple 
hypothermic patients to the ED can create a profound 
triage dilemma with regard to the choice of whom to 
warm first. One study concluded that in casualties in 
cardiac arrest from severe hypothermia, serum potassium, 
activated clotting time, and pH drawn from a central 
venous source can assist in triage by determining which 
casualties are the most salvageable. If venous pH is less 
than 6.50, the potassium level is greater than 9.0 meq per L, 
or the activated clotting time is greater than 400 seconds, 
then death likely preceded hypothermia. Spontaneous 
circulation will probably never be restored under these 
circumstances (22). Although these findings are the result 
of a small study, they may provide some guidance for 
triage in this situation. 


SUMMARY 


Disasters related to winter storms are uncommon, and 
large numbers of casualties from winter storms or cold in- 
juries have generally been limited to military campaigns. 
The potential for a large number of victims to sustain 
cold injuries is increasing as the popularity of outdoor 
recreational activity increases. The EMS treatment of lo- 
calized cold injuries emphasizes rapid transport and the 
avoidance of potential thawing-refreezing circumstances. 
Systemic hypothermia should be treated at the prehospi- 
tal stage with rapid transport and interventions based on 
the severity of the exposure. Specific protocols for treat- 
ing frostbite should be developed in areas where these 
injuries are commonly seen. Core afterdrop is a potential 
complication of hypothermia that should be avoided. Se- 
vere hypothermia is treated through various mechanisms 
accomplishing active core rewarming. The best technique 
involves cardiopulmonary bypass. Aggressive education of 


the public in areas that are at high risk for winter storms 
can limit the injuries and the impact of the storms on that 
community. Planning for a uniform response to a winter 
storm disaster will decrease the adverse effect of such 
events on EMSs and EDs. In addition, patient morbidity 
and mortality will be reduced. 
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Avalanches 


Aaron Q. Lane and Jennifer Eischen 


“Stock market crashes, meteor impacts, and lost love may 
occur without warning, but avalanches almost always 

have obvious signs.” 
Bruce Temper (director—Forest Service Utah 
Avalanche Center) 


Since the arrival of the first settlers in 874 CE, ava- 
lanches have represented the most lethal natural hazard to 
the people of Iceland. The Icelandic landscape was carved 
out by glaciers during the last glacial maximum, leaving 
vast geographical areas ideal for avalanche formation 
and propagation. Much of the interior of the country 
is uninhabitable, so most of the 270,000 populace dwells 
along the coastal lowlands. The initial coastal settlements 
were small fishing villages, but they have grown rapidly 
over the last two centuries. This growth pushed villages 
from the coastal reefs inward to the mountains where 
there is an increased avalanche risk. Icelandic history 
chronicles 680 avalanche-related deaths since the first 
written account in 1118 CE. Initially the avalanche- 
associated fatalities were small, but as larger villages 
began to form, deaths began to increase gradually. 
Records show that there were 64 avalanche-related deaths 
in the eighteenth century. These numbers increased 
to 190 in the 19th century, and to 165 in the 20th 
century. 

On the morning of January 16, 1995, the inhabitants of 
Sudavik, a small village in northwestern Iceland, were 
sleeping peacefully. The village had been under siege 
of heavy winter storms for the last several days, and 
general avalanche warnings had been issued for Northwest 
Iceland. Many people living in avalanche hazard zones 
had evacuated to safer areas. At 6:25 AM a large avalanche 
was triggered in the mountains 600 m (1,968 ft.) above the 
village. The avalanche sped down the mountain, increasing 
in size as it advanced. It struck 17 buildings in the village, 
only 3 of which were in the area previously determined 
to be an avalanche hazard zone. It was traveling at 
approximately 64 kph (40 mph) when it hit the houses. 


248 


Many of the houses were made of ironbound concrete 20 
to 30 cm (8 to 9 in) thick and were leveled, but structural 
damage was highly variable. The avalanche was thought 
to be 430 m (1,410 ft) wide at its widest point, and have a 
path of 1,400 m (4,593 ft). Its total size was estimated at 
150,000 m? (5,297,250 cu ft). Forty-eight people were in 
their homes when the avalanche struck. Of these 48 people, 
21 self-rescued or got out with neighbor assistance, 7 were 
trapped in their homes, and 20 were missing. Of the 20 
missing, 6 were rescued by rescue teams. Fourteen were 
found dead, eight of whom were children. A large part of 
the village was destroyed (1,2). 

First-line rescue teams were assembled by locals, and 
national agencies were contacted for further assistance. 
Rescue operations were extremely difficult as the severe 
winter storm continued, and wind speeds were in excess 
of 100 knots with zero visibility. Ground transport of 
outside rescue crews proved impossible as all roads 
were impassable, so rescue teams were sent by ships. 
Air transport was impossible. The first outside rescuers 
arrived 312 hours after the avalanche from a village 
normally 20 minutes away by car. They brought rescue 
gear, three doctors, two nurses, and three avalanche 
dogs. Radio announcements requesting volunteers from 
neighboring villages were fulfilled over the next several 
hours. Hurricane force winds at sea slowed the three 
ships sent from Reykjavik. A coast guard ship and a 
trawler arrived 24 hours later, but the cargo ship that 
initially accompanied them was stuck at sea for 48 hours 
because of the harsh weather (1,2). 

Rescuers in Sudavik went out in groups of four to six 
people, and rotated every 2 hours. A threat of a second 
avalanche was realized when it was triggered and struck 
the local electricity generator. The control center that 
had been established at the local fishing factory was 
without power, and was run by candlelight. Casualties 
were brought to the control center, and the injured were 
transferred to a hospital at a nearby village (1,2). 
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In the first 10 hours, 19 people found their way out 
of the avalanche, 12 vvere found alive, and 4 vvere found 
dead. Over the next 27 hours, 2 people vvere found alive, 
and 10 dead. A 10-year-old boy was found alive after 23 
hours in the snow (1,2). 

The events of January 16, 1995, left the nation of Iceland 
in disbelief. These feelings were once again kindled on 
October 26, when another catastrophic avalanche struck 
the village of Flateyri. In 1995, 34 people lost their lives in 
two avalanches. This was the deadliest year recorded in 
Iceland during the preceding three centuries. To put these 
figures into perspective, one must consider that the total 
population of Iceland is only 270,000. When compared 
with the 1995 per capita figures of the United States, this 
would be equivalent to more than 33,000 people losing 
their lives as the result of two natural disasters. These 
tragedies of 1995 have resulted in reorganization of the 
avalanche warning systems and new rules for avalanche 
hazard zoning (1,2). 


EPIDEMIOLOGY 


Avalanche-related fatalities have increased over the last 
several decades as the increasing popularity of winter 
sports draws millions of people to avalanche-prone 
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areas. There are an estimated 100,000 avalanches in the 
United States every year. Avalanche fatalities in the United 
States from 1953 to 2002 (the last available summary) 
are displayed in Fig. 22-1. From 1985 to 2004 there 
were 2,821 worldwide avalanche fatalities reported to the 
International Commission of Alpine Rescue, 416 of which 
occurred in the United States (interestingly Iceland does 
not report to this commission). During this period western 
states accounted for the largest number of deaths, with 
Colorado having 114. Internationally, of the 1,477 reported 
deaths from 1991 to 2001, France accounted for 18.3%. 
The avalanche fatalities of various nations from 1990 to 
2000 are displayed in Fig. 22-2. The United States followed 
closely behind with 17.5%. Most fatalities occurred when 
the danger level was rated moderate to considerable, with 
fewer actual fatalities during danger levels of high to 
extreme. Avalanches have been recorded in every month, 
but most occur from December to April. Eighty-nine 
percent of avalanche casualties in the United States are 
men, with the median age being 31 years. The activity 
most commonly associated with US avalanche fatalities 
is snowmobiling (44%), followed by backcountry skiing 
(24%), and snowboarding (14%). The various activities 
associated with avalanche fatalities are demonstrated in 
Fig. 22-3. Less than 1% of all avalanche fatalities involve 
avalanche professionals (3). 


FIGURE 22-1. United States avalanche fatalities from 1950 to 2002. (Source: Utah Avalanche 
Center, with permission. Media Packet available at http://www.avalanche.org/~uac/med-—pac.html 


[accessed 9/30/20051.) 
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FIGURE 22-2. Avalanche fatalities among 
the nations of the International Com- 
mission of Alpine Rescue (IKAR) from 
1991 to 2001 (n = 1,477). (Source: Utah 
Avalanche Center, with permission. Media 
Packet available at http://www.avalanche. 
org/~uac/med-pac.html [accessed 9/30/ 
20051.) 


United States 7 


THE PHYSICS OF AVALANCHES 


The snowflake is a dynamic, complicated building block 
of the avalanche. As snovvflakes collect on the ground 
a temperature and pressure gradient develops through 
the snow, between the warm ground and the cold air. 
Water vapor within the snow is moved upward through 
grains of snow along these gradients. As water vapor 
moves upward through colder layers, the amount of water 
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vapor that can be supported in the airspace decreases. The 
water vapor that can no longer be supported is changed 
to solid ice crystals that adhere to the underside of the 
grains above it. If this process is propagated by strong 
gradients, all of the original grains recrystallize into a 
new layer of crystals. This new layer of crystals is termed 
depth hoar, and is an essential component of avalanche 
formation. The depth hoar is coarse and grainy, and does 
not adhere to other snow very effectively. Depth hoar 
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FIGURE 22-3. United States ava- 
lanche fatalities by activity from 1995 
to 2001 (n=194). (Source: Utah 
Avalanche Center, with permission. 
Media Packet available at http://www. 
avalanche.org/~uac/med-pac.html 9 
[accessed 9/30/2005].) 
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usually develops at a temperature gradient greater than 
10°C (50°F). This gradient occurs usually when the first 
layers of the snow season are formed, which means that 
the layer of depth hoar is located near the bottom of 
the subsequent snow layers. When a weaker temperature 
gradient exists a process termed sintering occurs, which 
involves connecting bonds that form between contacting 
grains. Sintering increases the intrinsic strength and 
stability of snow layers. 

There are two basic types of avalanches. A loose snow 
avalanche release occurs when layers of loose, cohesion- 
less snow is released down a slope. Loose snow avalanches 
are formed in the shape of an inverted “V,” and involve 
relatively small amounts of snow. 

The second type of avalanche is the slab avalanche. 
The slab avalanche is released when a weak layer that is 
poorly anchored breaks away and releases down a slope. 
This has been described as being similar to ice frozen to a 
windshield. When it is very cold the ice maintains cohesion 
to the glass, but as the glass warms the layer of ice will 
break away and slide down the slope of the windshield. 
This most commonly occurs when a weight is applied 
suddenly to the weak layer. The size of the weak layer is 
variable depending on the depth of the weak level (depth 
hoar) and the range of snow thickness. In many alpine 
climates, depth hoar forms early in the season, secondary 
to shallow but very cold snow cover. This means that the 
depth hoar will be found at the bottom of the snow layers, 
after large amounts of snow accumulate. This accounts for 
the potential of slab avalanches to involve large amounts 
of snow. 

Avalanches generally form above the tree line, on slopes 
of 30 to 45 degrees facing all directions. The higher slope 
angles are more likely to yield avalanche formation up to 
approximately 50 degrees of slope after which snow has 
difficulty collecting and staying. Slopes facing north and 
east are more prone to weather conditions conducive to 
avalanche formation in the Northern Hemisphere because 
southern facing slopes receive more sunlight. 

New snowfall and strong winds are the most common 
weather conditions contributing to avalanche formation. 
New snowfall adds increased weight to the snow layer. If 
the existing snow layers are not strong enough to absorb 
the additional weight, an avalanche may occur. The weight 
burden of new snowfall is dependent on both the depth 
of new snowfall and the rate at which it accumulates. For 
example, 30 cm (2 ft) of new snow accumulation over 
a 2-week period may not cause a substantial increase in 
the risk of avalanche formation. However, an overnight 
accumulation of 30 cm can result in a significant increase 
in the likelihood of avalanche formation. High winds can 
serve to blow dense snow from a large area to an avalanche 
starting zone, such as a cornice or gully. Heavy snowfall 
in the presence of high winds dramatically increases 
avalanche risks (4). 


PREHOSPITAL CONSIDERATIONS 


As the avalanche comes to a stop, the snow consolidates 
rapidly owing to the thermal energy that accumulates 
from the kinetic energy of motion (5). Once an avalanche 
occurs, there is little the casualty can do other than 
trying to grab onto a tree or “swim out” of the avalanche 
to avoid being engulfed. Although the death toll from 
avalanche casualties in Europe is decreasing, the rate 
in the United States is increasing. Those most at risk 
are the snowmobile enthusiasts, backcountry skiers, and 
climbers. Death rates among winter sports participants at 
ski resorts and the cadre of avalanche rescuers are among 
the lowest in the United States. This is thought to be 
due to increased awareness, education, and the practice 
of these recreational activities in inspected safe areas. 
For those individuals caught in an avalanche in remote 
nonresort areas (common locations in which the avid 
snowmobile enthusiast is found) assembling a rescue team 
and reaching the site of the avalanche can take hours. Time 
is of the essence for survival for casualties trapped by an 
avalanche. The more remote the location, the greater the 
risk of mortality for the individual engulfed by the snow. 


AVALANCHE SURVIVAL TOOLS 


In addition to the importance of education, avalanche 
awareness, and location, the availability and operational 
knowledge of certain avalanche tools can increase the 
survival rate for avalanche casualties. 


Avalanche Rescue Beacons 


Avalanche rescue beacons are transceivers that operate 
at a frequency of 450 kHz. They are of various sizes but 
are usually small and are powered by AA batteries. The 
average cost is approximately US $300 each and they 
generally have a range of approximately 30 m (100 ft). 
The beacons have both transmit and receive modes such 
that the transmit mode is activated manually or by the 
force of an avalanche while the receive mode is activated 
manually to detect the signal of buried casualties. The 
beacon should remain strapped to the body of individuals 
at risk for entrapment in an avalanche and should be 
tested regularly. 


Probe Poles 


Once the rescue beacon has given the location of the 
casualty within the avalanche debris field, the probe poles 
are used to detect the buried casualty. Avalanche probe 
poles are collapsible devices of various sturdy but light 
materials that extend to approximately 3 m (9.8 ft) in 
length. Some ski poles are designed such that they are 
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convertible to probe poles. Most probe poles may be 
obtained for approximately US $50 to $100 through ski 
and backcountry suppliers. 


Shovel 


A sturdy, lightweight shovel is a key part of the avalanche 
rescue accouterment. Composite or aluminum collapsible 
shovels may be obtained for less than US $500 at most 
adventure sport suppliers. 


AvaLung 


The AvaLung is a breathing tube designed to separate 
exhaled air from inhaled air in the event an individual is 
buried in the snow of an avalanche. It thereby reduces the 
contamination of the inspired fraction of air with CO? by 
keeping the expired fraction of air separate. In essence, the 
AvaLung provides an artificial “air pocket” for the casualty. 
The average cost of the device is approximately US $120. 
The major drawback with the AvaLung is that it must 
be inserted into and maintained in the mouth before the 
individual is buried in the snow of the avalanche. Study 
results of the effectiveness of the AvaLung are variable. 
It has been noted that the efficiency of air separation is 
lost within approximately 20 minutes—especially if the 
accompanying harness is worn (6). An additional study 
has indicated, however, that if the exhaled CO, can be 
excluded from the immediate area of the buried casualty, 
there may be enough oxygen in the surrounding snow 
pack for at least 90 minutes (7). 


AIRBAGS 


An airbag system has also been developed and used fairly 
widely in Europe. With this device (which adventurers 
place on their back), a pull of a “rip cord” causes a 
compressed nitrogen cylinder to inflate two airbags on the 
wearer's back. These bags assist the individual in staying 
on the top of the snow as they are engulfed. Although 
little real data has been reported, anecdotal information 
suggests that this system may be highly effective (8). 


AVALANCHE DANGER SCALE — INJURY 
PREVENTION 


As previously discussed, the four essential elements of an 
avalanche are a steep slope, snow cover, a weak layer in the 
snow cover, and, finally, a trigger. Major snowstorms and 
periods of warming and thaw cause the greatest increase 
in avalanche danger. Once these conditions are in place, a 
trigger such as a snowboarder or skier is all that is needed 
to put the avalanche into motion. Avalanche hotlines 


are available to provide up-to-date avalanche forecasts 
for specific areas. The Colorado Avalanche Information 
Center uses the International Avalanche Danger Scale to 
rate areas from low to extreme danger for avalanches. This 
scale is demonstrated in Fig. 22-4. Before proceeding with 
winter recreational activities, knowing the environment 
and avalanche risk is one’s greatest preventative method 
against becoming an avalanche casualty. 


MECHANISMS OF INJURY 


Evidence from autopsy studies of avalanche fatalities 
indicates that the cause of death was associated with 
body compression and subsequent respiratory and circu- 
latory failure. This is consistent with findings of traumatic 
asphyxia in clinical survivors and with autopsy docu- 
mentation. This would lead one to conclude that most 
individuals succumb to a respiratory death from the com- 
pression. However, a number of fatalities have suggestions 
of a pure cardiac etiology as well (9). As will be noted, 
this has implications for the prognosis attempts for ca- 
sualties brought to the emergency department (ED) for 
resuscitation. 

Although prevention is best, once the avalanche occurs 
and an individual becomes ensnared within its forces, 
other variables of circumstance take control of the rate of 
survival. These variables consist primarily of the degree 
to which the casualty is buried in snow (partially or fully 
buried), the presence of an air pocket, the duration of 
burial, and any associated trauma sustained. 

The definition of a fully buried casualty has been gen- 
erally accepted as one whose head and body have been 
buried under snow. A partially buried casualty is an indi- 
vidual who has had only part of his/her body under the 
snow when the avalanche came to a halt (5). Studies have 
shown that those who are partially buried have a greater 
chance of survival. In one analysis of avalanche casualty 
data, of 440 people killed in avalanches during a 45-year 
study in the United States, 87.7% of the casualties were 
fully buried, 4.7% were partially buried, and 7.6% were 
not buried (5). 

Secondly, the presence or absence of an air pocket 
is considered by most authorities as one of the most 
important factors associated with survival. An air pocket 
is defined as any cavity in front of the mouth or nose of the 
casualty, no matter how small, provided that the airway 
is clear (10). During the rescue of an avalanche casualty, 
great caution should be taken to preserve the air pocket, 
not only for the vital importance of ventilation but also for 
on-site triage of the entrapped individual as respirations 
are an important factor in the field triage of the casualty. 
This will be discussed in more detail shortly. 

The duration of burial is another crucial element in 
survival during an avalanche. Studies have shown that 
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Danger 


Description 


Travel Suggestions 


Natural avalanches very unlikely 
Human triggered avalanches unlikely 


Generally stable snow; isolated areas of instability 


Travel is generally safe 
Normal caution advised 


Natural avalanches unlikely 
Human triggered avalanches possible 
Unstable slabs possible on steep terrain 


Use caution in steeper terrain 
on certain aspects 


Natural avalanches possible 
Human triggered avalanches probable 
Unstable slabs probable on steep terrain 


Be more cautious in steeper terrain 
Be aware of potentially dangerous 
areas of unstable snow 


Natural and human triggered avalanches likely 
Unstable slabs likely on a variety of 


Travel in avalanche terrain not 
recommended 


aspects and slope angles 


Safest travel on windward ridges or 
lower angle slopes without steeper 
terrain above 


avalanches certain 


and slope angles 


Widespread natural or human triggered 
Extremely unstable slabs on most aspects 


Large destructive avalanches possible runouts 


Travel in avalanche terrain 
should be avoided and travel 
confined to low angle terrain 
well away from avalanche path 


FIGURE 22-4. The International Avalanche Danger Scale. (Information obtained from: Utah 
Avalanche Center, with permission. Media Packet available at http:/Awww.avalanche.org/~uac/ 


med-pac.html [accessed 9/30/2005].) 


if a casualty is fully buried without an air pocket, 
the survival probability drops to only 30%. Those who 
are rescued within 15 minutes have approximately 90% 
survival probability (10). The survival probabilities for 
buried avalanche casualties are demonstrated in Fig. 22-5. 
Time, although an important element in rescue, must be 
considered along with the other variables mentioned in 
the preceding text. There have been reports of surviving 
avalanches for up to 2 days as long as there is an air 
pocket. Therefore, the two components of time and the 
presence or absence of an air pocket must be considered 
together. Time is crucial in rescue. One must assume that 
the casualty is fully buried with no air pocket and the goal 
should be extrication within 15 minutes. 

Finally, associated trauma becomes an inevitable factor 
influencing the survival of the avalanche casualty. The 
primary mechanism of injury is blunt as the avalanche 
hurls and tumbles the body over multiple obstructions 
along the mountain side until it comes to a crashing halt. 
Not only does the survivor battle possible asphyxiation and 
hypothermia but he/she may also have associated severe 
head injury, pneumothorax, or open fracture. One small 
study in 1989 looked at avalanche casualties during a 5- 
year period in Utah. Although this study had only a total 
of 91 avalanche casualties, multiple trauma was seen in 11 


of the 12 nonsurvivors. The cause of death was multiple 
traumatic injuries in 16% of the nonsurvivor cases (11). 
Similar studies in Europe and Canada reveal major trauma 
as the cause of death in 21% and 26%, respectively, in 
avalanche casualties. Another interesting study in 2001 
reviewed the cause of death in 28 avalanche casualties 
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FIGURE 22-5. Avalanche survival versus burial time (n = 422). 
(Source: Utah Avalanche Center, with permission. Media Packet 


available at http:/www.avalanche.org/~uac/med-pac.html [ac- 
cessed 9/30/2005].) 
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in Utah during a 7-year period. This study demonstrated 
that 2196 of the avalanche nonsurvivors had a severe head 
injury deemed by the medical examiner to have caused or 
directly contributed to death (12). 

Once the casualty is “dug out,” the rescue team should 
begin the process of resuscitation. Standard prehospital 
maneuvers of airway, breathing, and circulation begin 
the process along with cervical spine precautions. Great 
caution must be taken to be gentle with the possibly 
hypothermic casualty so as to not trigger ventricular 
fibrillation. Removal of wet clothes, placement of the body 
in a warm environment, and determination of the core 
body temperature are crucial procedures of prehospital 
management of an avalanche casualty. Initial stabilization 
begins with the establishment of an airway, immediate 
cardiopulmonary resuscitation (CPR), spinal protection, 
and large-bore intravenous tubing placed with infusion 
of warm crystalloids (11). Should secondary hypothermia 
be a confounding problem, transportation to a hospital 
with the capability of cardiopulmonary bypass for rapid 
rewarming is ideal. 


EMERGENCY DEPARTMENT CARE 


The avalanche casualty presents with certain unique vari- 
ables for the resuscitating physician to consider. Initially, 
the primary cause of the cardiopulmonary arrest must 
be determined. Asphyxia, hypothermia, and trauma are 
the major causes of death in the avalanche casualty. The 
resuscitative approach to the casualty may vary depend- 
ing on the inciting cause of the arrest. Most deaths occur 
due to asphyxia. The absence of an air pocket coupled 
with densely packed snow against a victim’s thorax and 
in the airway passages of the mouth and nose leads to 
hypoxia and hypercapnia. Therefore, survival probabil- 
ity drops to only 30% after 35 minutes of burial time 
as demonstrated in Fig. 22-5. Those casualties able to 
form a small air pocket can survive for long periods of 
time if they do not succumb to mechanical stresses, in- 
juries, or hypothermia. The core temperature drops by 
approximately 3°C (5.4°F) per hour (13). Although the 
consistency of the rate of temperature drop has been 
questioned, it has been demonstrated that associated 
hypercapnia increases the rate of heat loss in this set- 
ting (14). Therefore, those casualties who have an air 
pocket may present to the ED with profound hypother- 
mia and cardiac dysrhythmias (usually asystole by this 
time) thereby changing the end point of resuscitation to 
the old adage, “they aren’t dead until they are warm and 
dead.” 

The question arises: do all avalanche casualties who 
are in asystole require rewarming before efforts of resus- 
citation are discontinued? Rewarming of apparently dead 
hypothermic patients in asystole is generally attempted, 


since the only certain criterion to distinguish death from 
cardiac arrest in hypothermia is the irreversibility of the 
arrest state (10). It has been discussed in one report that 
the asystole of avalanche casualties is primarily due to 
asphyxia and not due to secondary hypothermia (15). 
This report proposes a triage system for avalanche ca- 
sualties found to be in asystole that takes into account 
the unique circumstances under which they sustained 
cardiopulmonary arrest. The four variables that were men- 
tioned in the prehospital considerations are an integral 
part of the triage scheme: (a) was the casualty fully or par- 
tially buried, (b) did they have an air pocket, (c) what was 
the duration of burial, and (d) was there severe associated 
trauma of the casualty? 

Management of the avalanche casualty, like all patients 
requiring the need for resuscitation, starts with airway, 
breathing, and circulation. If the patient is unconscious, 
not breathing, and has no pulse CPR is initiated. Duration 
of burial, the presence of an air pocket, and the core body 
temperature are the determining factors in the next steps 
of the resuscitation process. 

If the time of burial is less than 35 minutes and 
temperature is greater than or equal to 32°C (stage I 
hypothermia), resuscitation should be continued as usual. 
If the duration of burial is greater than 35 minutes and/or 
stage II or greater hypothermia exists, knowledge of 
whether an air pocket was present is important. If the 
airway of the casualty was occluded with snow or debris 
and no air pocket was found, then the cause of death 
can be presumed to be asphyxia, and rapid rewarming 
with cardiopulmonary bypass of an asystolic patient is 
essentially futile. If it is uncertain that an air pocket 
existed, the hypothermic, asystolic patient should not be 
determined dead until a core temperature of 32°C (89.6°F) 
has been reached. Those hypothermic patients who have 
ventricular fibrillation and hypothermia should receive 
rapid rewarming and resuscitation until rewarmed to the 
same core temperature as above. Chapter 21 covers the 
treatment of hypothermia in more detail. 


SUMMARY 


As has been noted in the Icelandic tragedies, expansion of 
human settlements into high-risk areas increases the risk 
for mass casualty human disasters. Avalanche survivors 
have described being in an avalanche as swimming 
down a river while trying to keep one’s head above 
water and then being packed in snow, the consistency 
of concrete. The rate of avalanche deaths in the United 
States is increasing. Those at highest risk are the sports 
enthusiasts in remote terrain, such as backcountry skiers, 
snowmobile enthusiasts, and mountain climbers. As 
avalanche awareness is the best mode of prevention of 
an avalanche fatality, aggressive education and awareness 
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programs must be employed. The cost of conducting such 
programs is increasing over the last few years as are the 
number of people moving into and visiting avalanche risk 
zones (16). The sad reality is that avalanche casualties 
materialize all over the world any time people move into 
or visit high-risk areas. 
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Heat-Related Disasters 


Glen Bailey and James S. VValker 


“The most overcrowded place in the city was the 
Cook County Medical Examiner's Office, where police 
transported hundreds of bodies for autopsies. The morgue 
typically receives about 17 bodies a day and has a total 
of 222 bays. By Saturday—just three days into the heat 
wave—its capacity was exceeded by hundreds, and the 
county had to bring in a fleet of refrigerated trucks to 
store the bodies... It was gruesome and incredible for 
this to be happening in the middle of a modern American 

city.” 
Eric Klinenberg, Author of Dying Alone: A Social 
Autopsy of the Disaster in Chicago (regarding the 1995 
Chicago Heat Wave Disaster). 


Modern-age human beings, according to current the- 
ory, emerged from the temperate environment of Africa 
approximately 50,000 years ago (1). Since developing in 
that hot environment, with the expansion of our range, 
humans have adapted to almost every possible climate on 
the planet. Despite our hot origins, extremes of heat over 
expanses of human habitations decimate food supplies, 
deplete water sources, and overcome the heat-adaptive 
mechanisms of the human body. 


THE HEAT EMERGENCY CONCEPT 


A heat wave is a historic meteorological term rather than 
a medical term. The term heat wave was coined in 1900 
by A.T. Burrows and was defined as a weather condi- 
tion during which the maximum ambient temperature 
in the shade reached 32.2°C (90°F) for a period of 3 or 
more consecutive days (2). Although commonly cited, this 
definition is limited in usefulness as many locations in 
the world meet or exceed this level of temperature nor- 
mally. The concept of the heat emergency is perhaps more 
useful. A heat emergency results when the environmen- 
tal conditions of a region are such that the heat burden 
gained by the human body cannot be dissipated by the 
usual physiological mechanisms for a period of, usually 
considered to be, 48 hours (3). Such conditions result 
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when the ambient temperature is high and coupled with 
a high relative humidity. If these conditions continue un- 
abated—day and night—the body cannot reduce excessive 
heat gain and the risk of developing a heat-related illness 
becomes high. 

The risk for the development of heat emergencies 
is usually based on the heat index (HI) (discussed in 
the following text) which takes into account multiple 
physiological and physical factors associated with the 
ability of the body to lose heat energy (4). A heat wave 
is comparative to the normal seasonal temperature and 
humidity for a given geographical region and can result in 
a heat emergency. Accordingly, heat waves in various parts 
of the country can vary greatly in intensity and duration. 
Usually, heat waves occur in the summer but can occur 
in the spring or fall. Caution is recommended when a 
daytime HI of 40.6°C (105°F) or higher and a nighttime 
minimum temperature of 26.7°C (80°F) persist for at least 
48 hours (5). 


EPIDEMIOLOGY 


Historically, heat waves have had an enormous impact on 
human morbidity and mortality. When the environmental 
heat stress is high, strenuous exercise is not required 
to produce heat illness. In 1743, a heat wave in Beijing 
resulted in 11,000 deaths. During the summer of 1987, 
a heat wave in Greece and Italy precipitated the death 
of approximately 3,000 older people. In the Middle East, 
each year approximately 2 million Muslims undertake the 
Hadj, the pilgrimage to Mecca. During this pilgrimage, 
more than 1,000 are treated for heat stroke, and hundreds 
may die before reaching treatment facilities (6). In 1998, 
scorching temperatures of 64.4°C (147°F) killed more than 
2,500 in India’s worst heat wave in 50 years. 

In the United States, a major heat wave can cause 
literally thousands of deaths over a given summer. In the 
last 40 years (1936 through 1975), nearly 20,000 Americans 
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died as aresult of heat-related illnesses (7). Comparatively, 
in an average year vvithout a heat vvave, approximately 175 
Americans die as a consequence of heat-related illnesses, 
whereas, during a year with a heat wave, this mortality 
rate increases fivefold. Between 1975 and 1995, a total of 
6,615 deaths in the United States were attributed to heat 
illness. In July 1995, a protracted heat wave settled on 
Chicago, causing more than 600 deaths and 3,300 heat- 
related emergency department (ED) visits (8,9). During 
the summer of 1998, a severe heat wave and subsequent 
drought extended from Texas and Oklahoma eastward 
to the Carolinas, culminating in $6.9 billion of damage 
(mainly agricultural) and at least 200 deaths. During 
the summer of 1999, a heat wave and drought in the 
eastern United States was responsible for 256 deaths and 
more than $1 billion in damages. In the United States, 
estimations of the annual heat-related deaths during heat 
waves have been as high as 4,000 (3). 

When one analyzes heat waves from a disaster- 
oriented approach, the topic breaks down into two 
categories—heat waves of relatively short duration and 
heat waves that are comparatively long. The immediate 
impact of the heat wave is a high incidence of heat stroke 
and other heat-related injuries in the population. Over 
greater periods, individual physiological acclimatization 
to the heat develops, and a decrease in direct heat 
injury morbidity and mortality is observed. In the long 
term, the most consequential impact of substantial heat 
waves results from drought, wildfires, and firestorms. 
This chapter will primarily address the management of 
heat waves in relation to heat injuries. Drought and 
its consequences will be briefly discussed. Wildfires and 
firestorms are presented in Chapter 20. 


MECHANISMS OF HEAT INJURY 


Along with the expected casualties from heat-related ill- 
nesses, increased morbidity and mortality associated with 
the cerebrovascular, cardiovascular, and respiratory sys- 
tems are seen during heat emergencies (10). These include 
increases in embolic and hemorrhagic strokes, myocardial 
infarction, pneumonia, asthma, and respiratory failure. 
One report from the Philadelphia heat disaster of 1993 in- 
dicated a 100% increase in cardiovascular deaths during 
the event (10). Such increases are not always seen con- 
sistently but are thought to be related to casualties with 
underlying organ system disease. 


Pathophysiology of Heat Regulation 


The human body maintains a narrow core temperature 
range through the interactions of various heat-producing 
and heat-dispersal mechanisms. The primary form of heat 
production in the body is the basal metabolic rate (BMR), 


which is a thermal expression of the many biochemi- 
cal reactions that occur at the cellular level. Although 
individual BMRs vary, they generate on average 50 to 
60 kcal/hour/m”. Without the intervention of cooling 
mechanisms, the BMR results in an average body tempera- 
ture increase of 1.1°C (33°F) each hour (11). Any modality 
that increases the BMR or decreases the physiological 
cooling mechanisms is a risk factor for heat illness. 

The body uses four mechanisms to reduce heat: conduc- 
tion, convection, evaporation, and radiation. Conduction is 
the transfer of heat from warmer to cooler objects by direct 
physical contact. Under normal circumstances, only 3% 
of the body heat load is dispersed by conduction because 
air is a good insulator. However, immersion in water can 
result in significant conductive heat loss as water has a 
32-fold higher degree of conductivity than air. 

Convection is the loss of heat to the surrounding air (or 
other medium) as it moves past the skin in a direct transfer 
of kinetic energy. Heat loss by means of convection is 
highly dependent on air temperature and wind velocity 
but accounts for less than 3% of heat loss under normal 
circumstances. Tight-fitting clothes decrease heat loss 
through convection. When coupled with evaporation, 
increasing convection by increasing the mass of air moving 
over the skin (using fans) substantially improves heat loss. 
However, in conditions of high humidity that prevent 
effective evaporation of liquids from the skin, the use of 
fans alone is ineffective (3,12). 

Evaporation is the loss of heat through conversion of 
liquid to gas and is the chief heat loss mechanism (25% 
in cool environments and 100% in hot environments) of 
humans once the ambient temperature exceeds normal 
body temperature. The primary mechanism of heat loss 
through evaporation in the human body is sweating. 
Body heat of up to 58 kcal per mL of sweat excreted 
can be dissipated under ideal evaporative conditions (13). 
Heat loss through evaporation is markedly attenuated 
by volume depletion, high ambient humidity, or any 
condition (physical or drug-induced) that impairs the 
body’s capacity to perspire. 

Radiation is the transfer of heat by electromagnetic 
waves. Under cooler environmental conditions, this is 
the primary mechanism by which the body dissipates heat 
(up to 60%). However, when ambient temperature exceeds 
skin temperature, radiation becomes a source of heat gain 
with sunlight itself accounting for a heat gain of 100 to 
250 kcal per hour (3). 

Conduction and radiation are dry or sensible heat ex- 
change mechanisms and are bidirectional depending on 
the relationship of the ambient temperature to the body’s 
temperature. For example, on a hot day when the ambient 
temperature is greater than the skin temperature, these 
mechanisms become a source of heat gain. Evaporation is 
a wet or insensible heat exchange mechanism and is unidi- 
rectional. Heat can only be lost through evaporation. This 
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Warmer 


FIGURE 23-1. The primary mecha- environment 


nisms of heat regulation. 


is an important thermal homeostatic concept, especially 
on a humid day when evaporation becomes the only source 
of heat loss for the human body. These mechanisms are 
demonstrated in Fig. 23-1. 


The Thermal Environment 


The nature of the ambient thermal environment and the 
interactions of the body’s thermal regulation mechanisms 
with that environment result in the overall heat balance of 
the body. Four primary atmospheric conditions associated 
with heat waves greatly influence the body’s ability 
to regulate thermal homeostasis. These meteorological 
variables are the air temperature, humidity, wind speed, 
and solar radiation. All these atmospheric conditions act 
in unison to produce the thermal environment. 


Temperature 


A high ambient temperature impairs heat dissipation. 
The impact of air temperature on thermal regulation is 
best appreciated when it is compared with the body’s 
temperature. When the air temperature is lower than 
the body temperature, radiant heat loss accounts for 
65% of the body’s cooling. However, when the ambient 
temperature approaches or exceeds body temperature, 
heat loss by radiation stops and the body may begin to gain 
heat by radiation. To facilitate heat loss by radiation in a 
hot environment, the peripheral blood flow to the skin can 
increase by a factor of 20. Also, as the ambient temperature 
increases, the amount of heat dispersion by convection 


Convection 


Cooler 
environment 


decreases. Once the air temperature exceeds the skin 
temperature, the body gains heat by these mechanisms. 


Humidity 


The humidity of the air is of paramount importance in 
temperature regulation. Once air temperature reaches 
skin temperature, the only way humans are able to lose 
heat into the environment is by evaporation of sweat. 
Conditions of high humidity impede heat dissipation by 
preventing the evaporation of sweat. Conditions of low 
humidity are conducive to sweating, and thereby they 
facilitate the body’s cooling. The combination of high 
ambient temperature and high ambient humidity results 
in a significant accumulation of heat load. 


Wind Speed 


The effect of air movement on thermal regulation is small 
when compared with temperature and humidity. The heat 
exchange between the surface of the body and vaporized 
water molecules circulating in the air around the body 
is an example of convection. Convection accounts for 
approximately 10% to 15% of heat loss by the body. It 
is greatly influenced by wind velocity. Obviously, as the 
wind speed increases, so will the amount of heat loss by 
convection. 


Radiation 


Radiation is the heat transfer by electromagnetic waves. 
Radiation is the primary mechanism of heat loss when 
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the air temperature is lower than body temperature. 
Conversely, when the ambient temperature is greater than 
body temperature, radiation can be a major source of 
heat gain. The effect of radiant heat from buildings, the 
pavement, or other such sources on thermal homeostasis 
can be substantial (14). To facilitate heat loss in a hot 
environment, the peripheral blood flow to the skin can 
increase by a factor of 20. 


Heat Index 


Use of atmospheric conditions alone for estimation of the 
risk for the development of heat illness is problematic. 
Historically, the Wet-Bulb Globe Temperature (WBGT) 
was the primary tool for determining heat injury risk 
and was used extensively by the military to limit the 
extent of physical activity permitted in training during 
hot weather. The drawback of the wet-bulb temperature 
was that it was cumbersome to determine and it took 
only temperature and humidity into consideration. The 
National Weather Service (NWS) has devised the HI, 
which gives the “relative temperature” for how hot the 
weather actually feels (15). The HI takes into consideration 
all the relevant atmospheric variables and can be projected 
against a relative risk of heat illness. The HI is calculated 
by a computer (because of its many variables) for a known 


period of atmospheric conditions. The HI is initially 
calculated with the assumption that the atmospheric 
conditions are shady with a light wind. Corrections for 
bright, sunny conditions result in an increase of 8°C (46°F) 
in the relative heat of the HI. On the basis of the HI, the 
NWS makes recommendations for activity levels based on 
the risk of sustaining a heat illness. A HI chart is depicted 
in Fig. 23-2. 


THE SPECTRUM OF HEAT-RELATED 
ILLNESS 


Heat Edema 


Heat edema presents as a transient swelling of the hands, 
feet, and ankles during the first few days of heat ex- 
posure. Heat edema is generally secondary to increased 
aldosterone secretion, which enhances water retention. 
When combined with peripheral vasodilatation and ve- 
nous stasis, the excess fluid accumulates in the dependent 
areas of the extremities. A thorough history and phys- 
ical examination are usually helpful in establishing the 
diagnosis and in ruling out more serious causes for the 
edema (i.e., congestive heart failure). Extensive diagnostic 
testing is generally unnecessary. The heat edema usually 


Temperature (°F) versus relative humidity (%) 


SF 90% 80% 70% 60% 50% 40% 
80 85 84 82 81 80 79 
85 101 96 92 90 86 84 


HI Possible heat disorder 
80°F - 90°F 
90°F - 105°F 
105°F - 1309F 


FIGURE 23-2. The heat index. 


Fatigue possible vvith prolonged exposure and physical activity 
Sunstroke, heat cramps, and heat exhaustion possible 
Sunstroke, heat cramps, and heat exhaustion likely, and heat stroke possible 
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resolves vvithin several days of the patient becoming ac- 
climatized to the vvarmer environment. No treatment is 
required, although vvearing support stockings and elevat- 
ing the legs helps minimize the edema. Diuretics should be 
avoided. 


Heat Rash 


Also known as prickly heat, this maculopapular rash is 
accompanied by acute inflammation and blocked sweat 
ducts. The sweat ducts may become dilated and may 
eventually rupture, producing small pruritic vesicles on 
an erythematous base. Heat rash frequently affects areas 
of the body covered by tight clothing. Continued heat 
exposure can result in deeper blockage of the sweat ducts 
and recurrent rupture into the dermis. This can lead to 
the development of chronic dermatitis or a secondary 
bacterial infection. Prevention is the best therapy; patients 
should be advised to wear loose-fitting clothing in the 
heat. However, once heat rash has developed, the initial 
treatment involves the application of chlorhexidine lotion 
to remove any desquamated skin (talcum powder is not 
effective). The associated pruritus is treated with topical 
or systemic antihistamines. Vesicles may subsequently 
form in the deeper layers of the dermis, and a secondary 
Staphylococcus aureus infection can be common. If 
infection occurs, the patient is treated with any of the 
following: 


m Erythromycin (250 mg four times a day) 

m Cephalexin (250 mg four times a day) 

m Dicloxacillin (250 mg four times a day) 

m Trimethoprim-Sulfamethoxazole (two double strength 
tablets twice a day if methicillin-resistant Staphylococ- 
cus aureus is suspected) 

m 2% Mupirocin ointment (applied to the affected area 
three times a day) 


Heat Cramps 


Heat cramps are painful, often severe, involuntary spasms 
of the large muscle groups used in strenuous exercise. 
Heat cramps tend to occur after intense exertion. They 
usually develop in those performing heavy exercise in 
the heat while sweating profusely and replenishing fluid 
losses with non-electrolyte-containing water. This triad is 
believed to lead to hyponatremia that induces cramping 
in stressed muscles. Casualties with heat cramps generally 
have hypochloremic hyponatremia and low urinary levels 
of sodium and chloride. Rehydration with salt-containing 
fluids provides rapid relief. Casualties with mild cramps 
can be given oral 0.2% salt solutions, whereas those with 
severe cramps require intravenous isotonic fluids (3). In- 
terestingly, the mandated consumption of salt-containing 
liquids has eliminated heat cramps among workers at 


several steel mills (16). Encourage patients who are pre- 
disposed to heat cramps to maintain adequate hydration 
with salt solutions. Many sports drinks in the market are a 
good source of electrolytes, and they are readily accessible. 
Workers should not use salt tablets for the following two 
reasons: they provide inadequate fluid volume replace- 
ment, and they are gastric irritants that cause nausea and 
vomiting (3,17). 


Heat Tetany 


Severe carpopedal spasm, paresthesias, and tetany may 
occur in previously asymptomatic persons who experience 
a short period of intense heat stress. Heat stress induces 
hyperventilation, which leads to respiratory alkalosis 
and subsequent symptoms. In general, heat cramps do 
not precipitate heat tetany. The recommended therapy 
consists of removing the patient from the hot environment 
and either decreasing the ventilatory rate or instituting 
carbon dioxide rebreathing. 


Heat Syncope 


Heat exposure may produce postural hypotension, which 
can precipitate a near-syncopal or syncopal episode. Heat 
syncope is believed to result from intense sweating, which 
leads to dehydration, followed by peripheral vasodilation 
and reduced venous blood return in the face of decreased 
vasomotor control. Management of heat syncope consists 
of cooling and rehydration of the casualty using oral 
rehydration solutions (e.g., commercially available sports 
drinks) or isotonic intravenous fluids. The history and 
physical examination should identify any underlying 
neurological, cardiovascular, or metabolic abnormalities 
that may account for the episode. In addition, evaluate 
the casualty for injuries that may have resulted from 
any associated fall. Warn patients who experience heat 
syncope against standing in the heat for long periods. 
Advise them to move to a cooler environment and to lie 
down if they recognize the initial symptoms. Wearing 
support stockings and engaging in deep knee-bending 
movements can help promote venous blood return. 


Heat Exhaustion 


Many experts consider this condition to be a forerunner 
of heat stroke. Heat exhaustion may resemble heat stroke, 
but neurological function remains intact. Heat exhaus- 
tion is marked by excessive dehydration and electrolyte 
depletion. Symptoms may include headache, nausea and 
vomiting, dizziness, tachycardia, malaise, and myalgia. 
The body temperature may be normal but is generally 
elevated (although it rarely rises above 40°C [104°F]). 
The laboratory test results almost always show dehy- 
dration, which is indicated by an increased hematocrit 
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and hemoglobin value. Typically, sufficient time will not 
have elapsed for a high blood urea nitrogen level to de- 
velop. Various electrolyte abnormalities may be present, 
depending on vvhether the patient has been drinking plain 
water or salt-containing liquids to replenish the lost flu- 
ids. Mild to moderately elevated liver enzyme levels are 
seen commonly. Definitive therapy consists of removing 
patients from the heat and replenishing their fluids. Al- 
though mild episodes can be treated with oral fluids, most 
patients require intravenous fluid replacement. Isotonic 
fluids should be used initially; the salt content is then ad- 
justed as necessary once the electrolyte levels are known. 
Volume replacement and a few hours of observation are 
often sufficient for most casualties unless marked labora- 
tory abnormalities are seen (hypokalemia, hypocalcemia, 
and/or hypoglycemia). Casualties who remained stable 
during observation can be discharged. They should be in- 
structed to rest, drink plenty of fluids for the next 2 to 
3 hours, and avoid heat exposure for several days. Casu- 
alties who are older, who have unstable vital signs after 
2 hours of treatment, or who have cardiovascular dis- 
ease may need to be hospitalized for extended observation 
(18,19). 


Classic Heat Stroke 


Classic heat stroke occurs during a period of sustained 
high temperature and humidity (e.g., a heat wave), and 
epidemics are common. Sweating is absent in 84% to 
100% of those affected. Typical casualties are the older 
people or the chronically ill who may have no access to 
air-conditioning. Often, these persons have been taking 
prescription medications (e.g., diuretics, anticholinergics, 
antipsychotics, and antihypertensives) that interfere with 
their ability to dissipate heat. 


Exertional Heat Stroke 


In contrast with the classic heat stroke, exertional heat 
stroke is not necessarily linked with heat waves. It usually 
develops in healthy young persons whose mechanisms of 
heat dispersal are overwhelmed by endogenous heat pro- 
duction. Athletes and military personnel are frequently 
affected. In contrast with classic heat stroke, marked 
sweating, rhabdomyolysis, acute renal failure, severe hep- 
atic damage, and disseminated intravascular coagulopa- 
thy characterize this condition. The distinction between 
classic and exertional heat stroke is academic because 
both forms are treated in the same manner. 

Widespread organ system injury may ensue, and cen- 
tral nervous system effects may be extensive as the central 
nervous system is extremely sensitive to heat. The car- 
diovascular system generally is hyperdynamic, which is 
manifested by an increased heart rate, cardiac index, and 
central venous dilation. Heart failure, pulmonary edema, 


myocardial infarction, hypotension, and cardiovascular 
collapse may develop. The presence of hypotension and 
decreased cardiac output and index indicate a poor 
prognosis. Hepatic damage almost always occurs. Liver 
transaminase levels may be markedly increased, peaking 
within 48 to 72 hours. Jaundice sometimes develops after 
24 to 48 hours. However, most survivors of heat stroke 
have no permanent liver dysfunction. Coagulopathy as in- 
dicated by reduced levels of platelets, fibrinogen, and clot- 
ting factors is common, suggesting a poor prognosis and 
an increased risk of death. Pulmonary symptoms nearly 
always include hyperventilation and respiratory alkalosis; 
pulmonary edema sometimes occurs. Renal function ab- 
normalities are common and likely are a consequence of 
hypokalemia and hypoperfusion. However, disseminated 
intravascular coagulopathy and direct glomerular dam- 
age due to heat may also contribute to renal dysfunction. 
Acute renal failure is seen in 25% to 30% of patients with 
exertional heat stroke. Rhabdomyolysis may impart a ma- 
chine oil appearance to the urine. Although acute renal 
failure may necessitate dialysis, most patients regain full 
renal function. 

The key to prompt diagnosis is maintaining a high in- 
dex of suspicion because numerous conditions can lead to 
hyperpyrexia and neurological dysfunction. Although the 
diagnosis may not be confirmed until other entities are 
ruled out, immediate treatment is mandatory when heat 
stroke is suspected. Further diagnostic testing to investi- 
gate alternate causes can be carried out during therapy. 
The initial management of both classic and exertional 
heat stroke includes immediate assessment of the airway, 
breathing, and circulation (the ABCs). Oxygen therapy is 
indicated, and immediate endotracheal intubation may 
sometimes be needed to remedy respiratory distress or 
to secure control of the airway. Cardiac monitoring is 
also necessary. Administration of intravenous isotonic flu- 
ids is mandatory, but rapid fluid replacement should be 
avoided because it may worsen pulmonary edema. Potas- 
sium should not be administered until urinary output 
has been ensured. Laboratory tests, including a com- 
plete blood cell count, comprehensive metabolic studies, 
and a hepatic panel, are indicated. In addition, measure- 
ments of arterial blood gases, prothrombin, and partial 
thromboplastin times, as well as of fibrinogen and fibrin 
degradation products, are useful. A quick bedside check 
of the blood glucose level for all casualties with altered 
mental status is advisable. A urinary catheter should be 
used to monitor urinary output. An electrocardiogram and 
chest radiograph should be ordered. 

Rapid cooling is the crux of therapy. Evaporative cool- 
ing is the easiest method for reducing body temperature. 
Other techniques include cold water submersion, com- 
plete body ice packing, strategic ice packing at the axilla 
and groin, and cold gastric and peritoneal lavage. An ef- 
fective method for the induction of evaporative cooling is 


262 III. Natural Disasters 


the placement of fans around the undressed patient who 
has been sprayed with tepid water. Cold water should be 
avoided because it causes peripheral vasoconstriction and 
diminishes the heat loss. Likewise, the patient should not 
be covered with sheets. Ice packs can be placed in the 
axilla and the groin regions. When possible, a nasogastric 
tube can be inserted to perform cold gastric lavage after 
definitive airway protection. 

Immersion cooling involves placing the patient in a tub 
of cold water deep enough to cover the trunk and extrem- 
ities. Cardiac monitoring is difficult when this procedure 
is used, and defibrillation cannot be performed while the 
patient is submerged. Cold peritoneal lavage is the most 
rapid cooling technique. However, it is highly invasive, 
and is not always available. Studies in humans are lim- 
ited with respect to cold peritoneal lavage, and the risk 
presented to the patient may not be worth the benefit that 
is gained (3). No matter which cooling method is chosen, 
the patient’s temperature should be measured frequently 
(every 5 minutes) with a rectal or esophageal monitor un- 
til the core temperature reaches 39°C (102°F). Additional 
cooling beyond this point may lead to hypothermia. A 
common detrimental effect of rapid cooling is shivering, 
which increases endogenous heat production. Intravenous 
diazepam (5-10 mg) or chlorpromazine (10-25 mg) can 
abolish the shivering reflexes; however, the latter’s anti- 
cholinergic effects impair heat loss. One should note that 
aspirin, acetaminophen, nor ibuprofen is useful in de- 
creasing the temperature in casualties with heat stroke. 
Finally, close supportive care must continue during cool- 
ing. Persistent hypotension or hemodynamic instability 
may necessitate invasive cardiovascular monitoring. All 
casualties with heat stroke warrant hospitalization. 


PREHOSPITAL CONSIDERATIONS 


Prehospital personnel face additional hazards due to heat 
when providing routine care during summer. During a 
heat wave, even greater stress is placed on both personnel 
and equipment. Vehicles must be maintained to prevent 
breakdowns due to heat stresses. Stationary running of 
vehicles may need to be curtailed or may need to be done 
with the hood up to prevent overheating. Air-conditioning 
is a necessity, not a luxury, because it provides not 
only relief from heat stress for the crew but also a 
more stable temperature environment for medications 
and equipment. In addition, air-conditioning provides 
an important cooling mechanism for casualties of heat- 
related illnesses. 

Emergency medical service (EMS) personnel should 
use lightweight uniforms, drink plenty of fluids, and avoid 
sun exposure. Work-rest cycles should be observed, and 
breaks should be provided on a periodic basis in an air- 
conditioned area. Evaporative cooling protocols should 


D TABLE 23-1 Recommended Work-Rest Cycles for 
Various Heat Index Temperatures 


V/ork-Rest Light Moderate Heavy 
Ratio/Hour Work Work Work 
Continuous work 30.0°C 26.7°C 25.0°C 
86.0°F 80.1°F 77.0°F 
75% Work 30.6°C 28.0°C 25.9°C 
25% Rest 87.1°F 82.4°F 78.6°F 
50% Work 31.4°C 29.4°C 27.9°C 
50% Rest 88.5°F 85.0°F 82.2°F 
25% Work 32.2°C 31.1°C 30.0°C 
75% Rest 90.0°F 88.0°F 86.0°F 


be available, and personnel should be well trained in 
the recognition of heat-related illnesses. EMS personnel 
should be involved in community outreach programs 
during heat waves, especially those targeting high-risk 
populations and high-risk areas of the city. 

EMS and search-and-rescue teams deployed in long- 
term rescue and recovery mission during a heat disaster 
face additional problems. True acclimatization to a hot 
environment takes 2 weeks to achieve, and it is usually 
not practical in disaster response. Strict monitoring and 
water discipline are needed to prevent rescue crews from 
becoming heat casualties. Personnel should understand 
that feeling thirsty is equated with dehydration, and 
therefore they must adhere to drinking fluids before 
they experience the sensation of thirst. In addition to 
water the initial fluids should consist of a balanced 
electrolyte solution (0.05%-0.1% NaCl or half-strength 
commercial sports drinks), as sodium depletion occurs 
during the initial phase of heat exposure. Provision of 
shade and shade gear, as well as sunscreen, will diminish 
the impact of radiative energy on the team. Work-rest 
cycles providing frequent breaks are as important as water 
discipline in preserving the effectiveness of the responders. 
An example of work-rest cycles is provided in Table 23-1. 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


ED preparations for handling a heat wave should be 
undertaken at the first alert of a heat emergency. The EDs 
should monitor the ongoing weather conditions regarding 
the HI and other factors posing a risk to the population 
at large. Cooperative involvement with municipal disaster 
planners and EMSs should be undertaken to educate and 
monitor high-risk populations and areas. Equipment such 
as large fans, spray bottles, and cooling packs should be 
readily available for the treatment of serious heat injuries. 
Cool, balanced electrolyte oral rehydration solutions 
should be on hand for less serious heat casualties. ED 
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visits have been noted to increase up to 14% during a 
heat disaster, although high variability in this effect is 
observed (20). 


COMMUNITY PLANNING POINTS 


Municipal disaster planners should have specific protocols 
for the monitoring and care of populations during a heat 
emergency. Urbanization alone has long been acknowl- 
edged to be a risk factor for heat injury. Early studies 
have indicated substantially higher rates for heat-related 
deaths in urbanized areas when compared with those in 
rural regions (16). In 1966, high death rates in St. Louis, 
Missouri, were reported during a heat wave for popula- 
tions located in crowded alleyways and high towers in 
the inner city lacking air-conditioning and adequate ven- 
tilation (2). During the 1978 heat disaster in Texas, the 
high cost of maintaining air-conditioning caused many 
older individuals on a fixed income to shut off the service. 
A number of these older individuals then died of heat 
stroke (2). Municipal planners should use city employees 
to provide monitoring of such high-risk city locations and 
populations as they carry out their normal duties. In ad- 
dition, community volunteer programs may be initiated 
to reach these individuals. When the HI reaches critical 
levels, ventilation and fans will not be adequate to pro- 
tect some of the population. They will need to go to an 
air-conditioned location, such as a mall or public build- 
ing, for a period of time during the hottest part of the 
day. Providing even a brief relief from the heat may be 
life saving (10). Transportation to such locations should 
be provided free to high-risk individuals through public 
or volunteer agencies. Educational programs should be 
initiated even before the first heat warning. 


DROUGHT 


A drought is a natural disaster that does not have the no- 
toriety of volcanoes, earthquakes, tornadoes, hurricanes, 
or floods. However, a drought can be just as catastrophic 
when the economic, environmental, social, and medical 
consequences are examined. Historically, man’s reaction 
to drought has been crisis intervention rather than risk 
management. The fact that drought is unavoidable and 
is found at some point of time in every region on the 
earth must be emphasized. Furthermore, as the human 
population continues to increase, human susceptibility to 
water deficits and drought increases accordingly. There- 
fore, governmental decision makers must recognize the 
imperative need to plan for drought and develop coor- 
dinated policies for regulating water and other natural 
resources. The medical profession should also be involved 
in this preparation to facilitate the health and well-being of 


the population served. Drought can induce famine, malnu- 
trition, diseases, and significant morbidity and mortality. 
Therefore, certain medical nuances are uniquely associ- 
ated with drought. 


Definitions 


Drought may be defined as a period of abnormally dry 
weather that is sufficiently prolonged so that the lack 
of water causes a serious hydrological imbalance in the 
affected area. Although it is classically envisioned as a 
lack of rainfall, drought may be precipitated solely by 
increased water utilization. Therefore, drought may often 
be ill defined. In fact, no single definition of drought 
works in all regions or under all circumstances. Drought 
is a normal and repetitious (almost rhythmic) feature 
of climate. It is a transient variation of climate and is 
not synonymous with aridity because aridity is confined 
to low rainfall regions and is generally permanent. 
Ironically, very few people die of thirst or dehydration 
during a drought, even in underdeveloped countries. 
Drought-related deaths generally occur secondary to 
the agricultural, economic, and medical side effects of 
drought, such as famine, malnutrition, poverty, poor 
public health practices, contamination of existing water 
supplies, infectious diseases, social strife, and heat-related 
illnesses. Drought then is not just a meteorological or 
climatological occurrence. It represents a cascade of 
events that illustrates how a natural climate variation can 
impact the environmental, economic, social, and medical 
qualities of a given region and a given population (21). 


Consequences of Drought 
Economic Effects 


Throughout human history, the most feared impact of 
drought has been the shortage of food. As water tables 
drop, causing levels in wells, rivers, and lakes to become 
low or even to disappear, a corresponding decline in 
the amount of vegetation is observed. The lack of rain 
causes farm crops, legumes, and rangeland grasses to 
wither and die, especially in farmlands that are not 
irrigated. Consequently, the reduction in rangeland and 
crop productivity increases the morbidity and mortality 
of livestock. The same effect is also noted in the fish and 
wildlife populations. 

If drought strikes an agricultural region, one immediate 
effect is a significant increase in food prices (22). 
Therefore, a drought can have catastrophic effects on 
the regional or national economy, as well as on the 
individual consumer. Drought-related farm industry losses 
often run into billions of dollars. The drought and heat 
wave that struck the eastern United States in the summer 
of 1999 resulted in extensive agricultural losses that were 


264 III. Natural Disasters 


estimated to be more than $1 billion. The southern drought 
extending from Texas and Oklahoma to the Carolinas 
during the summer of 1998 was responsible for between 
$6 and $9 billion in losses to the regional economies and 
for a loss of more than $40 billion nationally (2). A similar 
drought occurred in Oklahoma and Texas from the fall 
of 1995 through the summer of 1996, it accounted for $5 
billion in losses (22). 

Excluding the consumer, the real economic casualties 
of the drought are farmers and ranchers (23). Only if the 
government is willing and able to provide emergency low- 
interest loans, to pay for crop insurance, or subsidies will 
farmers be able to survive economically during a drought. 
In some areas, government aid may not be enough. A 
sustained drought can result in repeated losses. In this 
situation, governments may need to reevaluate their role 
in disaster aid for farmers. Otherwise, the economic result 
is fewer and fewer farmers and ranchers to feed the 
respective populations (21). 


Environmental Effects 


As the drought induces a decline or deterioration of 
local flora, the local fauna are likewise affected. Reduced 
water levels obviously decrease the habitat for fish and 
other aquatic animal life. The local wildlife is forced into 
human-occupied areas to search for food and water. These 
animals start to compete with man and livestock for edible 
plants and crops. Under such circumstances, the invasion 
of neighborhoods and even of homes by rodents, deer, 
and coyotes is quite common (22). Rodents are notorious 
for destroying stores of grain and food. The intrusion of 
these wild animals brings many zoonotic diseases that 
may be contracted by humans, including Lyme disease, 
hantavirus pulmonary syndrome, plague, and typhus. 


Medical Effects 


The medical consequences of drought include an in- 
creased incidence of malnutrition and infectious diseases, 
many of which are zoonotic in origin. As was stated ear- 
lier, the most dreaded consequence of drought is a famine. 
A food shortage of this magnitude and the subsequent 
increase in food prices restrict the availability of food, 
having the greatest impact on the lower socioeconomic 
strata. The resultant lack of nutrition in many people can 
ultimately lead to the classic states of marasmus (lack 
of caloric intake) and kwashiorkor (lack of protein in- 
take). Collectively, the states of inanition are referred to as 
protein-energy malnutrition (PEM). PEM has been shown 
to affect the human immune system adversely by impair- 
ing T-cell function, as well as antibody production by B 
cells. This impaired immune system makes affected per- 
sons more susceptible to infection and creates a higher 
mortality rate. Depending on the severity and the duration 


of malnutrition, virtually every organ system in the human 
body can be compromised. Conceivably, a resurgence of 
the nutrition-related diseases of the seventeenth and eigh- 
teenth centuries is possible in association with drought 
and famine. These include endemic goiter, ariboflavinosis, 
scurvy, rickets, beriberi, pellagra, and PEM. 

One other direct consequence of drought is the con- 
tamination of the existing water supply with waterborne 
pathogens. The normal circulation of natural water serves 
to clean and purify it and provide a habitat for fish and 
other aquatic life. As the water level recedes, the nor- 
mal movement and flow of water are interrupted, and it 
becomes stationary and stagnant. Warm, brackish water 
is not able to clean itself of contamination, and there- 
fore serves as an abode or medium for unusual parasites 
and opportunistic bacteria. Under these circumstances, 
an increase in the incidence of zoonotic and parasitic 
infections in humans is observed. Primary amebic menin- 
goencephalitis (PAM) is a life-threatening infection caused 
by the facultative parasitic free-living amoeba Naegleria 
fowleri (24). PAM usually results from inhaling contami- 
nated water while swimming. The organisms penetrate the 
mucosa of the nose and travel along the olfactory nerve 
branches through the cribriform plate to the meninges, 
and they eventually ingest cerebral tissue. The signs and 
symptoms are similar to those of bacterial meningitis. 
Leptospirosis is a bacterial febrile illness acquired by con- 
tact with water that is contaminated with infected rat 
urine. More recently, this disease has been described as 
increasing among recreational water sports participants. 
The bacteria enter the body through the mucous mem- 
branes or fresh cuts in the skin. Jaundice and renal failure 
with an acute febrile illness suggests the diagnosis of lep- 
tospirosis. Enterotoxigenic Escherichia coli (ETEC) havea 
worldwide distribution, and are a major health hazard in 
developing countries (25). ETEC spreads by the fecal-oral 
route through food or water sources. It is a major cause 
of gastroenteritis and traveler’s diarrhea. 


Social Effects 


The predominate social impacts of a drought focus on 
the decreased quality of life, major changes in lifestyle, 
and an increase in conflict. Disagreements are generated 
over water use, management of water resources, and 
political philosophies. Sometimes, the easiest solution for 
a population is to move to a nondrought area. An example 
of such a population migration is the flight of the “Okies” 
from the “Dust Bowl” to the luscious state of California, in 
the 1930s. The agricultural and economic consequences 
of this mass exodus significantly changed the future of 
both states. Strife is generally endured as litigation or 
as armed conflict centered on the control of water and 
food resources. The degree of social strife may be at the 
international, interstate, community, or individual level. 
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At the individual level, drought increases the incidences 
of homicide, domestic violence, and suicide. 


Forecasting Drought 


To be able to prepare adequately for the consequences of 
natural disasters such as drought, the ability to predict its 
occurrence is extremely beneficial. Superficially, forecast- 
ing drought may appear to be based predominantly on the 
ability to predict temperature and precipitation. In real- 
ity, drought prediction is extremely difficult because the 
meteorological phenomena resulting in drought are highly 
complex and interactive. Air-sea interactions, topography, 
soil moisture, the jet stream, infiltration runoff, percola- 
tion rates, and groundwater recharge rates are just a few of 
these variables. Despite the technological advances in me- 
teorology and climate, the capability to forecast drought 
remains in its infancy. In the United States, the National 
Drought Mitigation Center (NDMC) provides predictions 
for drought occurrence and stresses risk management 
rather than crisis intervention (26). The NDMC is one of 
several associated groups of the Climate Prediction Cen- 
ter that covers all major meteorological phenomena in 
the United States. Climate prediction capabilities in many 
developing countries are inconsistent or absent. 


SUMMARY 


The short-term impact of heat waves may result in 
large-scale heat emergencies associated with periods of 
increased morbidity and mortality in human populations. 
Planning for heat emergencies and the implementation 
of preventative programs can substantially decrease the 
adverse health and social impact of these events. 

Drought is a long-term and important natural disaster 
often associated with heat waves, which has far-reaching 
effects on the economic, environmental, social, and medi- 
cal aspects of a society. Because of increasing population 
and the ever-changing climate of the world, droughts re- 
main inevitable and may act as a trigger for such complex 
humanitarian emergencies. Reaction to a drought based 
on the philosophy of crisis intervention causes chaos, 
strife, suffering, disease, and death. Clearly, the proper 
response to a drought is through prior preparation and 
advanced planning. The medical community must be- 
come involved in this preparation to be able to address 
the health and medical facets of this natural disaster, 
adequately. The central theme for such preparation is a 
unified governmental policy for the regulation of water 
and other natural resources during a drought. 
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Volcanic Eruptions 


David E. Hogan and Jeremy Bearden 


“I see the mind of a 5-year old as a volcano with two 
vents, destructiveness and creativeness.” 
Sylvia Ashton-Warner 


INTRODUCTION 


At 8:32 aM on May 18, 1980, a magnitude 5.1 earthquake 
struck the northwestern United States with an epicenter 
below the volcano of Mt. St. Helens. Seconds later, the 
north flank of the mountain slid away in the largest 
landslide ever recorded. With the weight of the north 
side of the mountain relieved from the volcanic cone, 
a lethal lateral blast of gas, steam, and rock debris 
spewed forth in a massive pyroclastic flow at 1,100 kph 
(683 mph). Temperatures in the jet that was released 
from the mountain exceeded 572°F (300°C). Snow and 
ice melted instantly, resulting in kilometer-size flows 
of volcanic debris and mud through the river valleys. 
Within minutes, a plume of volcanic ash reached 19 km 
(12 mi) into the atmosphere, where the winds carried 540 
million tons of ash over 92,000 km? (57,000 sq mi) of the 
United States. However, if human memories were not so 
short, and geological history not so long, this event would 
likely not have been considered a newsworthy event. In 
comparison to other volcanic eruptions that have shaped 
the earth and its various species (including humans) in 
the past, the Mt. St. Helens event was relatively small. 
Volcanic eruptions of much greater intensity and volume 
that have occurred regularly in the past, and will continue 
to do so in the future (Fig. 24-1), demonstrate the relative 
size of several historic and prehistoric volcanic eruptions 
to place the Mt. St. Helens eruption in perspective. 


Ancient History 


Volcanoes are known to have profound impacts on local 
civilizations living on and around them. Eruptions may 
destroy entire regions including cities and other constructs 
of man in a single evening. But on a more profound 
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note, volcanic eruptions may have had a substantial 
influence on the development and distribution of modern 
humans on the earth. Paleogeological evidence supports 
that approximately 71,000 years ago Mt. Toba in Indonesia 
erupted with a force of more than 3,000 times that of Mt. 
St. Helens. It has been proposed that such an eruption may 
have triggered a “volcanic winter” phenomenon dropping 
the average world temperature by as much as 37°F (3°C) 
to 38°F (3.5°C). Such a cooling event may have had 
much to do in triggering the last glacial maximum with a 
disastrous impact on early human populations. It has been 
proposed that this eruption may have been the trigger for 
the “bottleneck” in human population occurring roughly 
70,000 years ago when the number of humans may have 
dropped as low as 10,000 total individuals (1). 

Volcanic eruptions are one of the most awesome and 
fascinating phenomena on the planet. Ancient cultures 
were captivated by their power and beauty. The Greeks 
knew of Typhon, the monster that spewed fire and oozed 
lava, whom Zeus had imprisoned under Mt. Etna. Accord- 
ing to the legend, this is the source of the mountain’s 
volcanic activity. To ancient Hawaiians, volcanoes were 
a pivotal part of society. Mauna Loa and Kilauea are re- 
sponsible for the entire existence of the big island. Kilauea 
emerged from the sea approximately 100,000 years ago 
and has been active ever since, providing more than 220 
ha of new shoreline since 1983. The human species has 
been intertwined with volcanic geophysical phenomena 
probably from our inception, but it is only in recent 
years that we are beginning to understand our rela- 
tionship with them and the potential hazards they can 
represent. 

Between 1980 and 1990, volcanic activity in the world 
has killed more than 26,000 people and has forced the 
evacuation of more than 450,000 others (2). The largest 
eruption on the planet in the twentieth century occurred 
in 1912 at Novarupta Mountain in the Alaskan peninsula. 
Fifteen cubic kilometers of magma explosively erupted 
over a 60-hour period. This resulted in a volume of 
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Mt. St. Helens, 
USA, 1km3—1980 


Sumatra, Indon 
km°—7 1,000 Y 


Yellowstone, USA, 
2,500 km3—2.2 MYA 


Krakatoa, Indonesia, 21 km3—1883 


material that was 30 times greater than that ejected during 
the Mt. St. Helens eruption. Fortunately, this eruption 
occurred in an isolated area in Alaska, thereby minimizing 
direct human effects. The possible ecological impact of 
this eruption remains unclear. 


VOLCANO DISTRIBUTION 


Volcanoes throughout the world are distributed primarily 
along the edges of continents, as well as along island chains 
and undersea mountain ranges. This ring of volcanoes 
correlates roughly with the intersections of the earth’s 
tectonic plates. Fifty percent of the known active volcanoes 
on the earth are along a circular region around the 
Pacific Ocean known as the Ring of Fire. The general 
distribution of volcanoes is demonstrated in Fig. 24-2. 
The United States ranks third after Indonesia and Japan 
when counting the number of historically active volcanoes 
within its borders. More than 10% of the 1,500 volcanoes 
that have erupted in the last 10,000 years are located 
within the boundaries of the United States. 


GEOPHYSICAL EFFECTS 


Numerous geophysical effects that occur during volcanic 
eruptions either individually or in combination may 
result in physical injuries and illnesses to exposed 
populations. The mechanism of injury depends on the 
type of volcano that erupts. There are three main types of 
volcanoes (shield, cinder cone, and composite). However, 


Yellowstone, USA, 1,000 km3—600,000 YA. 


FIGURE 24-1. Comparative amounts 
of dust ejected in cubic kilometers for 
several historic and prehistoric vol- 
canic eruptions. Abbreviation: MYA, 
million years ago; YA, years ago. (Data 
from United States Geological Survey 
[USGS].) 


there are approximately 26 different variations on these 
basic volcanic types known throughout the world. The 
common thread underlying all volcanoes is also the reason 
volcanoes erupt. Extreme temperatures deep within the 
earth, slowly melts the rocks that become a thick but fluid 
magma. Magma is lighter than solid rock, so following 
the laws of physics it rises vertically and collects in 
magma chambers below the surface of the earth. As 
pressure accumulates, stress is transmitted into and 
through the overlying crust, causing fissures and vents to 
develop thereby providing an escape route for the magma. 
This release of pressure is expressed as an eruption of 
volcanic gases, magma, vaporized ground water, and other 
components. 


Magma Characteristics and Volatility 
of Eruption 


Some volcanic eruptions are extremely explosive while 
others are not. The explosive propensity of a volcano is 
primarily dependent on the consistency of the underlying 
magma. Thin, watery magma allows trapped gases to 
escape. This type of magma will flow slowly out of the 
volcano at the speed of a slow walk, giving people enough 
time to vacate the surrounding area. Thick magma traps 
gases internally, allowing pressure to build until the gas 
escapes with a violent explosion. Large fragments of 
magma are blasted into the air with velocities from 100 to 
400 meters per second (225-895 mph). These bolides of 
magma shatter at high velocity into smaller fragments 
known as tephra. Tephra can be the size of houses or 
vehicles or as small as dust particles. The column of tephra 
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FIGURE 24-2. Active volcanoes, plate tectonics, 
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and the “Ring of fire”. Available 


at: http ://vulcan.vrr.usgs.gov/Glossary/platetectonics/maps/Map-plate-tectonics-vvorld.html, Ac- 


cessed 2006, (with permission). 


ejection may extend upward 5 to 10 km (3-6.25 mi). 
Eruptions of this type are highly dangerous and often 
lethal to the surrounding environment. 


Volcano Types 
Shield Volcanoes 


Shield volcanoes are very broad based, and generally of 
lower altitude. They get their name from the shape of a 
vvarrior”s shield. Magma flows down the volcanic slopes 
covering vast expanses of land. This volcanic variety is 
typified by Mauna Loa volcano in Hawaii. Such volcanoes 
eject large volumes of relatively viscous magma that flows 
slowly enough to allow evacuation of the immediate area. 
This causes a slowly expanding area of burned property as 
the lava field creates new land and reclaims old. However, 
this type of lava has been known to pool, forming large 
lakes (often subsurface under a shell of congealed lava) 
around the volcano. Such sequestered lava may increase 
in thermal intensity due to the insulating properties of the 
overlying lava crust. This results in a general decreased 
viscosity for the trapped lava. Volcanic dams sequestering 
these molten lakes then rupture, spewing large masses of 
less viscous lava rapidly down the slope. One such event 
occurred in 1977 in Zaire (now the Democratic Republic 
of Congo), killing 300 people (3). 


Composite Volcanoes (Stratovolcanoes) 


A composite volcano (the most common on earth and 
also known as a stratovolcano) is usually associated 
with explosive force eruptions from within its chimney. 
Eruptions of this type commonly occur in the Cascade 
Mountains of the American West. These volcanoes erupt 
less frequently than the Hawaiian-type volcanoes, but 
their eruptions are characterized by significantly more 
violence. Air shock waves from these volcanic blasts 
have broken windows up to 18 km (12 mi) away in 
some cases. Shrapnel-like rock projectiles (tephra) can 
be produced in these sudden, explosive eruptions with 
impressive and potentially lethal results. In 1979, tephra 
rocks ejected from the Mt. Etna eruption struck and killed 
nine tourists (3). Rocks of up to 1 inch in diameter 
were blown as far as 19 km (12 mi) away in the Mt. 
St. Helens eruption, and much larger rocks were hurled 
as far away as 6 km (4 mi). Many of these projectiles 
maintain high thermal energy for days following the 
eruption. These hot rocks may start fires over an extensive 
area surrounding the eruption. Composite volcanoes with 
associated calderas (craters) are often the result of the 
most impressive explosive eruptions. After an eruption 
of a composite volcano, a caldera is often formed when 
the area around the vent collapses. This collapse occurs 
because of empty pockets under the volcano’s structure 
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Shield volcano 


FIGURE 24-3. Comparison of the three major types of volca- 
noes. 


that the magma previously occupied. The formation of 
large and very deep lakes can occur. 


Cinder Cone Volcanoes 


Cinder cone volcanoes are cone shaped, the steep sides of 
which are formed by loose cinders that fall close to the 
vent. Lava usually flows from a vent that is typically only 
300 m (1,000 ft) tall. The crater is usually bowl shaped. 
The cinders are a result of thick magma erupting into 
the air at relatively slow velocity. The lava fragments into 
smaller pieces and cools rapidly collecting close to the 
vent. Figure. 24-3 demonstrates the three classic volcano 
types in comparison. 


Mechanisms of Injury 


Pyroclastic Flows (lgnimbrites and Nuees 
Ardentes) 


Pyroclastic flows and mudslides are the most common di- 
rect cause of death associated vvith volcanic eruptions (4). 
Pyroclastic flovvs are associated vvith volcanoes producing 
viscous magma, they are extremely hot mixtures of gas, 
ash, pumice, and rocks. Most pyroclastic flovvs consist 
of two parts: a base flow of coarse fragments that move 
along the ground, and a turbulent upper layer of cloud 
that rides on the basal flow. These flows may travel for 
great distances, in excess of 100 kph (62 mph). The flow is 
highly fluidized because it contains water and gas from the 
eruption, water vapor from melted snow, and air, making 
it able to travel such long distances. 

Ignimbrites and nuees ardentes are two types of volcanic 
pyroclastic flows. Nuee ardente contains dense material, 
whereas ignimbrites are mostly vesiculated material. Nuee 
ardente means “glowing cloud” and was christened after 
the pyroclastic flow associated with Mt. Pelee. These flows 


are associated with exudation of large clouds of ash that 
when observed at night, appear to glow. Pyroclastic flows 
destroy essentially anything in their path due to the mas- 
sive amount of energy contained in their rapidly moving 
rock fragments (ranging in size from pebbles to boulders). 
The temperatures in a pyroclastic flow generally range 
from 200°C to 700°C (392° F-1292°F). These temperatures 
cause any combustible material to ignite on contact. 

Even the outer margins of pyroclastic flows result in in- 
jury and death due to burns and inhalation of hot ash and 
gases. Depending on the size of the flow, rock debris can 
be deposited in layers at depths of a few meters to 200 m 
(655 ft). This can obviously inundate and bury large areas 
rapidly as with the cities of Pompeii and Herculanium in 
79 AD. Such loose debris layers can contribute to lahars 
(volcanic mud flows) by damming streams or rivers or by 
melting snow and ice on mountainsides (discussed in the 
next section). Pyroclastic flows have been associated with 
most of the volcano-related deaths over the last 400 years, 
including at least 70% of the deaths from eruptions this 
century (4). 

In 1908, 28,000 people, nearly the entire population 
of St. Pierre, Martinique, were killed within minutes 
when a pyroclastic eruption occurred at Mt. Pele, 6 km 
(3.7 mi) away (5). The pyroclastic effect from Mt. St. 
Helens was estimated to contain 8 megatons of energy 
and 4 km? of ash and rock, resulting in the devastation 
of more than 200 sq mi of forest. Death from pyroclastic 
flows can result from the blast effect of the eruption itself, 
intense heat from the flow, or asphyxiation due to airway 
obstruction or burial (6). 


Volcanic Mud Flows (Lahars) 


Mud flows, or lahars, are deadly volcanic phenomena that 
can contribute greatly to the destruction from eruptions. 
They are most commonly associated with stratovolcanoes 
(composite) because these tend to erupt explosively and 
their tall, steep sides are usually snow covered, or 
have water-filled calderas. Lahar is an Indonesian word 
describing a hot or cold mixture of water and rock flowing 
down a volcanic slope or river valley. Water from rain, 
crater lakes, melted snow, or steam mixes with volcanic 
debris to form mud flows. The mud, approximating 
the consistency of fluid concrete, is heavy and gravity 
dependent. It may travel rapidly for many kilometers. 
Large lahars may be hundreds of meters wide and tens 
of meters deep. Mud flows follow the contour of the land 
as they descend the volcanic slopes. The direct impact of 
a lahar’s flow front (or large debris carried by the lahar) 
easily crushes and carries away any structure or object in 
its path. If not crushed or carried away, valuable property 
may be completely covered by a layer of this cement-like 
substance. Destroyed bridges and roads trap people in 
vulnerable areas. 
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People may be overcome and buried under tons of fluid 
mud. These flows may also be quite hot, and they can 
result in fatal thermal injury even if the casualty is not 
totally buried. Casualties partially trapped in mud that 
dries to a concrete consistency require long and difficult 
extrications. These persons are at risk for crush syndrome 
and sudden death upon release from the mud (7). The 
mud may hamper rescue for many days by staying too 
soft to allow either foot or vehicular travel. Bridges and 
roadways are easily destroyed. Additionally, flooding due 
to water displacement from rivers, lakes, and reservoirs 
results in the disruption of normal routes of escape and 
rescue. 


Volcanic Ash 


One of the most impressive effects of volcanic eruptions 
is the amount of ash ejected into the atmosphere. Small 
jagged pieces of rock, mineral, and volcanic glass the size 
of sand and silt erupted by a volcano are called volcanic 
ash. Volcanic ash is not the product of combustion, 
but rather a component of the volcanic ejecta itself. 
Ash is formed during explosive eruptions, usually in 
composite volcanoes, when solid rock is shattered as 
the expanding gas erupts. Volcanic ash is hard, not 
water dissolvable, extremely abrasive, corrosive, and 
conducts electricity when wet. Once ejected high into 
the atmosphere, the wind can blow the tiny particles 
thousands of kilometers away from the volcano. Ash and 
dust may cause substantial visibility problems for long 
periods following an eruption. Ground accumulations of 
ash can make vehicular traffic nearly impossible. Even 
small amounts of wet or dry pumice, ash, or dust make 
road surfaces extremely hazardous. When combined with 
the low visibility, road and bridge damage, and the 
potential panic, this culminates in an increased risk for 
motor vehicle crash-related injuries. In addition, ground 
emergency medical service (EMS) transport evacuations 
are hampered (3). 

Ash may settle on buildings at a rate of up to 5 tons 
per m? in an 8-hour period. This buildup, especially 
when coupled with rainfall, may lead to roof collapse. 
Locations, such as school gyms, churches, bowling alleys, 
and other public facilities that may be designated as 
evacuation centers, often have large, flat roof spans. Such 
buildings are at high risk for roof collapse secondary to 
ash collection. Periodic removal of the dry ash from the 
roofs is necessary but difficult because of the respiratory 
and eye irritation it causes. The dry ash becomes easily 
airborne with manipulation. Ash may be distributed over 
an extensive region, resulting in significant deterioration 
in air quality. The long-term health effects of such ash 
contamination are not clear (8). 

Air filters in motor vehicles, electrical generators, and 
other critical machinery may quickly become clogged and 


inoperable. The abrasive effect of the ash can permanently 
destroy sensitive motors and mechanisms. In addition, 
rain-soaked ash acts as a conductor, and it may short out 
exposed electrical insulators, causing widespread power 
failures, scattered electrical fires, and electrical injury. 


Electrical Storms 


Electrical storms often accompany volcanic eruptions. 
These result from particles of negatively charged ash in 
the atmosphere. An electrical potential is generated be- 
tween the negatively charged ash and positively charged 
elements released during the eruption in the form of wa- 
ter vapor and gases. The charge differential creates an 
electrically unstable environment that results in impres- 
sive discharges of energy. Electrical storms may cause 
fires, damage electrical equipment, and may result in 
death or injury by lightning strike. In large volcanic erup- 
tions, the storm effects are not limited to the immediate 
area; they can follow the cloud of ash hundreds of miles 
downwind (9). Communications, including EMS radio 
and telemetry transmission, are significantly disrupted by 
the electrostatic discharge and lightning storms. 


Water Treatment Disruption 


Volcanic eruptions may cause interruption of fresh wa- 
ter and sewage processing facilities. Pyroclastic and la- 
har flows follow riverbeds, thereby blocking fresh water 
sources and sewage outlets. These flows result in obstruc- 
tions that act as dams after the flow has stopped and 
have great potential for breaching, leakage, or overflow 
that results in flooding downstream months to years later. 
Sewage may back up and overflow, mixing with and con- 
taminating fresh water sources. Electrical outages result 
in water pump failure. Ash fall may overwhelm water- 
filtering and pool reservoir sources. In addition, water 
waste treatment machinery may fail because of the abra- 
sive effect of the ash (3). This obviously may result in the 
loss of a safe water source as well as a risk for transmission 
of endemic enteric illness. 


Toxic Gases 


Toxic gases may be produced by volcanic eruptions. In 
1979, toxic gases killed 149 people living near the Dieng 
volcano in Java. More than 1,700 people were killed 
by a toxic gas eruption of the Lake Nyos volcano in 
Cameroon, West Africa in 1986 (10). Carbon dioxide 
(CO2), sulfur dioxide (SO2), hydrogen chloride (HCL), 
hydrogen sulfide (H2S), hydrogen fluoride (HF), carbon 
monoxide (CO), and bromine monoxide (BRO) are among 
the more important gases emitted. The volume and 
impact of volcanic gas eruptions may be understood 
better by consideration of the earth’s current atmosphere. 
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Other than free oxygen, produced by photosynthesis, all 
atmospheric gases vvere derived from inside the earth and 
released by volcanic eruptions. The gaseous portion of 
magma varies from 1% to 5% of the total weight with 
70% to 90% as water vapor. The other gases are SO2, CO, 
BRO, and smaller amounts of N, H, CO, S, Ar, Cl, and 
F (11). These gases combine with water to form HCL, HF, 
H2SOuz, and H2S. Occasionally, enough H2S is formed to 
be mined as a resource (12). 

CO, and H2S pool in low-lying areas and represent 
a serious threat to individuals located within those 
regions (12-14). HF and HCL become extremely corrosive 
when they make contact with water. SO? mixed with 
steam from the volcano or atmospheric water has resulted 
in acid rain with a pH as low as 2. Such acid rain may 
contaminate surrounding agricultural lands, resulting in 
long-term crop failure. In addition, wet ash can deposit 
toxic and corrosive chemicals into the environment. As a 
result of the acid rain mentioned in the preceding text and 
other effects of the volcano, previously fertile lands may 
become unproductive for years, resulting in local famine 
conditions. 


Climate Effects 


Volcanic eruptions can produce substantial effects on 
worldwide climates. As noted previously, supermassive 
eruptions such as the Toba eruption have the potential 
to alter worldwide climate substantially for hundreds to 
thousands of years (15). On a local level, Mt. Pinatubo 
ejected massive amounts of sulfate aerosols into the 
upper stratosphere. The haze from this aerosol resulted 
in a significant decrease in sunlight penetration across 
the affected area. Events such as this have resulted in 
diminished crop productivity and additional food source 
problems (16). Another source of environmental impact 
occurs when lava enters the ocean. A series of white 
cloud plumes are generated because of the intense heat 
and chemical reactions of the lava with seawater. These 
clouds, also known as “laze” contain seawater vapor and 
hydrochloric acid. Laze clouds drop rainwater along the 
coast with a pH as low as 1.5 to 2.5. 


Earthquake 


Minor earthquakes accompanying volcanic eruptions are 
common, but they are usually of no significance. However, 
tsunamis can be produced by submarine volcanic erup- 
tions or landslides into coastal areas, killing many more 
people than the volcano itself. There have been more than 
50 volcano-associated tsunamis, recorded worldwide as 
far back as 1638 BCE and as recent as 2002 in Stromboli, 
Italy. The 2002 volcanic tsunami was a result of a massive 
landslide triggered by an undersea eruption. Volcanoes 
produce tsunamis through nine different mechanisms, 


volcanic earthquakes, undersea eruptions, pyroclastic 
flows, caldera collapse, landslides, lahars, phreatomag- 
matic eruptions, lava bench collapse, and air waves 
from large explosions (17). Waves produced by volcanic 
tsunamis can be as severe as those produced by the largest 
earthquakes. The most devastating volcanic tsunami 
recorded was that produced by the eruption of Kraka- 
toa, Indonesia, in 1883. The waves had run-up heights of 
40 m (152 ft) and killed more than 36,000 people (18). 


VOLCANIC RISK IN THE UNITED 
STATES 


Alaska and the continental United States have 35 volcanoes 
considered likely to erupt in the “near” future. These 
include a substantial number of major volcanic craters 
in the Cook Inlet region of Alaska where 60% of 
Alaska’s population resides. Of greatest concern are those 
volcanoes that have a history of erupting every 200 to 
300 years. The most hazardous volcanic mountains in 
the lower United States include the Cascade volcanoes 
of the American West—Mt. St. Helens, the Mono and 
Inyo craters, Lassen Peak, Mt. Shasta, Mt. Rainier, Mt. 
Baker, and Mt. Hood (2). These volcanoes are primarily of 
the stratovolcano variety and therefore prone to explosive 
eruption and significant ash and lahar production. The 
location of the cascade volcanoes is depicted in Fig. 24-4. 
The combined 50-mi population density surrounding 
these seven volcanoes exceeds 2.2 million people. Mt. 
Rainier is the largest volcano in the Cascade Range, and 
it is probably the most dangerous volcano in the United 
States. Its last eruption occurred 200 years ago, resulting 
in a mud flow that reached all the way to Puget Sound. It 
is expected to erupt again within the next 100 to 200 years, 
but it could erupt at any time. Current hazard predictions 
by the United States Geological Survey (USGS) place much 
of the dense metropolitan areas of Tacoma, Washington, 
and suburbs at significant risk. 


PREDICTING ERUPTIONS 


Monitoring the activities of volcanoes and attempting to 
predict eruptions in the United States is the task of the 
USGS. In some settings, an eruption may be accurately 
predicted within a range of 24 hours, allowing warnings 
to be issued. The Nevada del Ruiz eruption in Mexico 
exemplified this, as a warning was provided more than 
24 hours before eruption. Unfortunately, the warning 
was not widely distributed and the order to evacuate 
was largely ignored. The eruption that followed caused 
massive debris slides and more than 20,000 deaths within 
the slide zones. Despite some recent successes, great 
difficulties remain in accurately predicting the time of 
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FIGURE 24-4. Distribution of 
dangerous volcanoes in the Cas- 
cade Mountain Range, United 
States. 


volcanic eruptions. Monitoring volcanic gases can be 
helpful in predicting eruptions. For example, an increase 
in CO, and SO? concentrations emitted from fumaroles 
may indicate increasing magmatic activity beneath the 
volcano in some settings (19). In addition, recent studies 
have detected changes in the ultralow frequency ranges 
of geoelectric and geomagnetic fields in and around 
volcanoes a few weeks before eruptions (20). For the most 
part, geologists are only able to predict eruptions within 
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a time frame from a few to several hundred years (2). 
Because monitoring of all potentially active volcanoes by 
geologists is impossible, communities in the vicinity of 
volcanic features should be aware of the local risk for 
eruption. All such communities should have plans for 
volcanic eruption integrated into their overall community 
disaster management plan. Websites have been created 
so that citizens can enter their city and state and get a 
volcanic eruption prediction at any time. 
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PREHOSPITAL CONSIDERATIONS 


Municipalities and local EMSs must begin implementing 
their volcanic eruption disaster management plans at 
the first sign of warning. Although explosive eruptions 
cause the most damage, low-lying areas and river valley 
regions draining the volcano are at significant risk for 
mud and pyroclastic flows for many kilometers. The only 
protection against these hazards is the evacuation of areas 
at risk. 

Public health information should be provided to pre- 
hospital health care providers. When working in areas of 
accumulated volcanic ash, activity that would lead to sig- 
nificant airborne exposure should be avoided if possible; 
this would include dry cleanup of fallen ash. Individuals 
who must work in dusty conditions should wear an N95 
respiratory mask or other respiratory protection that is 
recommended by the National Institute for Occupational 
Safety and Health. Goggles or other eye protection should 
also be used. Fallen ash may be wetted before cleanup 
to prevent it from becoming easily airborne with the 
knowledge that wetting the ash adds weight and provides 
electrical conductivity. Caution should be exercised when 
walking or driving on either wet or dry ash to avoid falls 
or motor vehicle collisions. Unnecessary driving should be 
avoided. 

Indications from Mt. St. Helens show that automobiles 
offer little protection from volcanic hazards, with several 
known incidents of casualties having been asphyxiated 
from the ash while in their automobile (21). Outside 
air intakes in homes and offices should be covered 
immediately at the onset of an eruption. During the 
acute phase of the eruption, airtight buildings have been 
shown to be protective against some toxic gases as long 
as survivors open them to the fresh air as soon as 
the gas plume has passed. Air handling systems should 
temporarily be shut down, and filters should be regularly 
maintained. 


Air Medical Operations 


Volcanic ash and electrostatic effects disrupt air medical 
operations. In 1989, during the eruption of the Redoubt 
volcano in Alaska, a commercial jet airliner encountered 
the ash cloud while descending into Anchorage. All four 
engines lost power and the aircraft dropped 4,000 m 
(13,000 ft) before they could be restarted. After landing, 
inspection found more than $80 million in damage due 
to ash abrasion (2). This report, in addition to the 
introductory story from Chapter 30, clearly indicates that 
jet turbine engines do not function well (if at all) in 
volcanic ash clouds. Factoring in the considerations of 
decreased visibility, ash swept up by rotor wash, and 
electrostatic communications and navigation blackout, 
air medical operations become highly hazardous. 


SPECIFIC PLANNING POINTS 


The overall planning process for volcanic eruption disas- 
ters generally includes the following three major points: 


m Establish a lahar monitoring, evacuation, and warning 
system. 

m Provide relocation plans for the population within flow 
and other risk zones. 

m Develop and install engineering countermeasures to 
redirect lahar flows, if possible, to protect the popu- 
lation. 


Which of these planning points is the most effective 
or the most economical is not clear. The best approach 
is probably a combination of all three (22). In addition 
to routine prehospital disaster management planning, 
specific planning points should include (at minimum) 
the following: 


m Relocation and support of evacuees from high-risk areas 
for many months should be made available. 

m Emergency warning and evacuation plans for commu- 
nities at risk for floods and volcanic flows along the 
rivers draining the volcano, should be provided. 

m Search and rescue plans for isolated survivors and the 

dead must be provided for. 

Sites of emergency field morgues and appropriate 

staffing should be made available. 

m Rehearsal with local hospital emergency plans for 
evacuation and the sudden influx of casualties with 
blunt trauma, burns, and pulmonary problems from 
the inhalation of ash and gas should be part of the 
regular citywide disaster exercises. 

m Education of local communities as to the actions to 
take when an eruption becomes imminent or after it 
has occurred should be carried out. 

m Regular practice of overall community volcano disaster 
management plans is critical. 

m Advice and supplies for EMS personnel and other agen- 
cies, temporarily permitted to work in restricted areas, 
should be made available. This includes implementa- 
tion of an alert system for emergency evacuation of 
these emergency personnel, if another eruption is im- 
minent and survival measures in the event workers 
become marooned. 

m Equipment for emergency air monitoring for SO2, H2S, 
CO2, CO, HF, and other gases should be available 
although ground-level release toxic gases are rare. 

m Plans for alternate communication methods should be 
ready to implement if radio communication becomes 
impossible due to electrical storms. 

m Provision for increased maintenance for EMS vehicles 
and equipment against the abrasive effect of ash should 
be planned for. 
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m Ash-removal protocols for EMS buildings, hospitals, 
and other critical structures as well as access and egress 
routes should be ready. 

m Respiratory and eye protection guidelines and equip- 
ment must be available for all personnel with potential 
exposure to ash. 

m Protocols and training for hazardous driving conditions 
due to volcanic debris and ash should be part of the 
regular EMS refresher courses. 

m Public health and safety surveillance of EMS and 
other workers for stress and ash exposure should be 
implemented. 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


The Mt. St. Helens eruption is currently the only major 
volcanic eruption in the United States for which physical 
injury reporting and medical impact studies have been 
undertaken. This eruption occurred in a relatively remote 
area with a low population density. As a result, the number 
of immediate casualties requiring care was relatively low, 
with injuries consisting primarily of burns and inhalation 
syndromes (6). In an eruption close to a more populated 
area, such as Mt. Rainier, emergency departments (EDs) 
should anticipate higher numbers of survivors with more 
diverse injuries. 

Some observations have been made that are applicable 
to EDs functioning in and around a volcanic eruption. 
During the Mt. St. Helens eruption, EDs became the pre- 
dominant source of medical care in smaller communities 
where local physician offices had been closed. In addition, 
a transient increase was seen in visits to EDs for asthma 
and other respiratory ailments. The two largest hospitals 
near the Mt. St. Helens eruption had their ED populations 
studied for respiratory effects associated with the erup- 
tion. These hospitals experienced a fourfold increase in 
the number of asthma patients and a twofold increase 
in the number of bronchitis patients attended to in the 
ED when compared with the previous year (23). Although 
motor vehicle crash frequency and morbidity increased, 
no indication of increased mortality from this mechanism 
was observed. No increases in eye injury problems were 
noted (24). 


Pulmonary Risk From Volcanic Ash 


Reactive airway disease in chronic obstructive pulmonary 
disease (COPD) may be exacerbated secondary to ash ex- 
posure. Exposure of children with and without a history of 
pulmonary disorders to volcanic ash resulted in a signifi- 
cant increase in respiratory illness (25). Measures to limit 
ash exposure for children are strongly suggested. In vitro 
tests have suggested that ash is mildly fibrinogenic (26). 


This has been supported by in vivo tests on animals and by 
autopsy on some human casualties (27,28). The potential 
for the delayed onset of ash-induced pulmonary fibrosis 
should be a consideration for both casualties and res- 
cue workers. Silicosis is a potential problem for outdoor 
workers if they are exposed to large amounts of ash in 
the form of crystalline silica (6). However, some studies 
have indicated that if the ash is not distributed through- 
out inhabited areas (even if close to the volcano) the risk 
for silicosis may be minimal (29). In addition, ash from 
various volcanic eruptions vary significantly in their crys- 
talline silica content such that the fibrinogenic properties 
of ash also varies significantly based on location (27,30). 
High-risk groups are individuals with prior asthma or 
COPD and those exposed to large amounts of ash 
at work. 


Radiation Exposure 


Volcanic eruptions have been known to release significant 
amounts of radon gas in the volcanic plume (31). Typically, 
these radionuclides pose no threat to health or property 
as they are distributed over a wide area throughout 
the atmosphere. However, in some eruptions, ash has 
been found to contain substantial amounts of radon and 
radon-related compounds. Volcanic rocks in some regions 
also contain sizable amounts of other active radionuclei. 
Incidences have been detected where such material has 
been used for building homes, thereby increasing the risk 
for radon exposure to the inhabitants (31). Ash fall during 
volcanic eruptions should be monitored on an ongoing 
basis for the presence of radionuclide content. 


Risk of Malignancy 


Because it is known that a number of environmental 
factors may be associated with the development of 
malignancy in humans, this has also been a concern 
for exposure to volcanic eruptive products. Silica, the 
major component of ash, has clearly been associated 
with promotion of inflammatory processes in vitro and 
in vivo. The level of crystalline silica in the respirable 
component of volcanic ash is known to vary from 
location to location (27,30). This would suggest that the 
inflammatory potential of inhalation of such ash would 
also vary by location depending on the specific volcano. As 
such, one might conclude that any potential carcinogenic 
risk may also vary in a similar manner. However, no 
clear association has yet been reported to support such a 
supposition. Some early epidemiological work reviewing 
the high frequency of thyroid cancer in locations such as 
Iceland and Hawaii have postulated that the high level of 
volcanic activity in these areas could be responsible (32). 
Although it is known that some carcinogenic substances 
such as radon, and a few other radionuclides such as 
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iodine-131 (15İ1) may be found in eruptive gases, no 
causal relationship has clearly been established between 
malignancy and volcanic eruptions (31,33). 


Toxins in Volcanic Ash 


Fluoride poisoning has also occasionally been associated 
with ash from volcanic eruptions. Although most of the 
ash particles are within the respirable range (<10 um), 
most fluoride poisoning results from the ingestion of 
contaminated food and water and not from inhalation 
(34,35). Fluoride toxicity commonly presents with symp- 
toms similar to those of phosgene poisoning. High doses 
may result in a rapid loss of consciousness and the de- 
velopment of pulmonary edema. Early symptoms from 
low-dose exposures present with shortness of breath, tight- 
ness in the chest, productive cough, nose and eye irritation, 
and, almost universally, headache, nausea, and vomiting. 
Fluoride levels can be measured directly in the laboratory, 
and they should be considered in patients presenting with 
such symptoms after having been exposed to volcanic ash. 

Gastric lavage has been indicated in large oral expo- 
sures of fluoride, but it is not likely to be of benefit for 
patients exposed to fluoride by volcanic eruptions. Milk, 
oral calcium salts, and aluminum-based or magnesium- 
based antacids bind fluoride in the gastrointestinal tract 
for passage out. Some severe cases may require hemodial- 
ysis. The fluoride content of ash fall should be monitored 
on an ongoing basis during eruptions. 

Arsenic (As), mercury (Hg), cadmium (Cd), iron (Fe), 
radionuclides, fluoride, silicates, asbestiform compounds, 
alkali salts, and various hydrocarbons have been reported 
in substantial concentrations in various volcanic erup- 
tions (31). Such substances should be evaluated for as 
part of the health risk assessment for all volcanic erup- 
tions. Several of these potential toxins, to include the 
heavy metals, are known to exist in higher than usual 
levels in areas surrounding volcanoes. Not only are metals 
such as Hg in elevated concentration in the atmosphere, 
but they are also known to accumulate in the local crops 
thereby entering the food chain (35-38). The long-term 
health impact of such heavy metal accumulation due to 
volcanic eruption is not clear. 


Infectious Diseases 


Infectious diseases in exposed populations are generally 
not a prominent feature of volcanic eruptions (39,40). 
One noted exception occurred following an eruption in 
Armero, Colombia, in 1985. This eruption resulted in 
23,000 deaths and more than 4,500 injuries. Significant 
numbers of the seriously injured casualties who were 
transported out of the region to Bogota were found to have 
necrotizing fasciitis or mucormycosis (41). The mortality 
rates for these cases ran as high as 80%. The exact reasons 


for this outbreak have never been clearly elucidated, but 
the austere conditions at the disaster scene were thought 
to be a contributing factor. Ash may impair bacterial re- 
sistance by interfering with alveolar macrophage activity. 
Enteric illness and respiratory infections have been noted 
to increase significantly in underdeveloped areas follow- 
ing a volcanic eruption. This phenomenon is thought to 
be associated with a breakdown in the usual public heath 
measures and the contamination of water supplies (42). 


Population Displacement 


The displacement of a population following volcanic erup- 
tions may create problems associated with mass refugee 
care. As with most disasters, individuals at the extremes 
of age, and those with limited mobility are at increased 
risk from injury and death from volcanic eruptions. Re- 
ports from some nations indicate that elderly members 
of the community have been left behind during volcanic 
eruptions. Therefore, additional planning is needed for 
these individuals before the event to prevent reoccurrence 
of such actions (43). Large refugee populations in and 
around a volcanic eruption zone are difficult to mon- 
itor. Mobile refugee camps may inadvertently move to 
lahar risk zones without the knowledge of disaster respon- 
ders. Such population movements and relative volcanic 
risk zones have been monitored more accurately by com- 
munity leaders through the use of low orbit satellites 
by remote sensing (44). Difficulties in communication as 
well as disruption of travel routes make coordination and 
distribution of relief efforts and supplies difficult. Humani- 
tarian emergencies are covered in more detail in Chapter 9. 


SUMMARY 


As population density increases in and around active vol- 
canic regions, disasters associated with volcanic hazards 
will increase. Humans have been impacted by volcanic 
events since the beginning of our species. Not only are the 
local eruptive hazards of volcanoes dangerous, but volca- 
noes may also alter the climate for long periods of time 
substantially impacting human societies. 

Because of the potential great size and power of 
volcanic eruptions, a number of potentially lethal mech- 
anisms of injury may occur over a wide area. Hazards 
such as ash fall, electrical storms, mud flows, pyroclastic 
flows, landslides, tsunamis, earthquakes, toxic gas erup- 
tions, and the emission of other toxic substances are all 
known to be part of the volcanic eruption risk. Such haz- 
ards also adversely impact efforts in search and rescue 
and EMS operations. 

Hospitals and EDs may become isolated, nonfunc- 
tional, and overwhelmed during volcanic eruptions, 
thereby impacting the quality of care provided for 
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casualties. Risk assessment, anticipation of problems, and 
early planning are critical to the management of a disaster 
due to volcanic eruptions. Such activities may mitigate 
injury and damage to a degree; however, evacuation of 
at-risk areas is the only sure mechanism to prevent injury 
and death. This may only be achieved by the development 
of evacuation protocols, regular practice, regular educa- 
tion of both the population and health care providers, and 
the deployment of an effective volcanic warning system. 


REFERENCES 


1. Ambrose SH. Late Pleistocene human population bottlenecks, 
volcanic winter, and the differentiation of modern humans. J Hum 
Evol 1998,34:623-651. 

2. United States Geological Survey. http://www.usgs.gov/. Accessed 
October 31, 2005. 

3. Baxter PJ, Bernstein RS, Falk H, et al. Medical aspects of volcanic 
disasters: an outline of the hazards and emergency response 
measures. Disasters 1982;6:268-276. 

4. Parshley PF, Kiessling PJ, Antonius JA, et al. Pyroclastic flow injury. 

Mount St. Helens, May 18, 1980. Am J Surg 1982;143:565-568. 

5. Fisher RV, Smith AL, Roobol MJ. Destruction of St. Pierre, 

Martinique by ash-cloud surges, May 8 and 20, 1902. Geology 1980; 

8:472-476. 

6. Baxter PJ. Medical effects of volcanic eruptions. Bull Volcanol 1990; 

52:533-544. 

7. Noji EK. Acute renal failure in natural disasters. Ren Fail 1992; 

14:245-249. 

8. Nania J, Bruya TE. In the wake of Mount St. Helens. Ann Emerg Med 
1982;11:184-191. 

9. Bernstein RS, Baxter PJ, Buist S. Introduction to the epidemiological 
aspects of explosive vulcanism. Am J Public Health 1986;76:3-9. 

10. Baxter PJ, Kapila M, Mfonfu D. Lake Nyos disaster, Cameroon, 1986: 
the medical effects of large scale emission of carbon dioxide. BMJ 
1986;298:1437-1441. 

11. Bobrowski N, Honninger G, Galle B, et al. Detection of bromine 
monoxide in a volcanic plume. Nature 2003;15:273-276. 

12. Michaud JP, Krupitsky D, Grove JS, et al. Volcano related atmo- 
spheric toxicants in Hilo and Hawaii Volcanoes National Park: 
implications for human health. Neurotoxicity 2005;26:555-563. 

13. Newhall CG, Fruchter JS. Volcanic activity: a review for health 
professionals. Am J Public Health 1986;76(3 Suppl):10-24. 

14. Hill PM. Possible asphyxiation from carbon dioxide of a cross- 
country skier in eastern California: a deadly volcanic hazard. 
Wilderness Environ Med 2000;11:192-195. 

15. Ninkovich D, Sparks RSJ, Ledbetter MT. The exceptional magnitude 

and intensity of the Toba eruption, Sumatra: an example of using 

deep-sea tephra layers as a geological tool. Bull Volcanologique 1978; 

41:286-298. 

16. McCormick MP, Thomason LW, Trepte CR. Atmospheric effects of 

the Mt. Pinatubo eruption. Nature 1995;373:399-404. 

17. Heinrich F, Guibourg S, Mangeney A, et al. Numerical modeling of 

a landslide-generated tsunami following a potential explosion of the 

Montserrat Volcano. Phys Chem Earth 1999;24:163-168. 

18. Winchester S. Krakatoa: the day the world exploded. New York, NY: 
Harper Collins, 2003. 

19. USGS. http://vulcan.wr.usgs.gov/Monitoring/Descriptions/ 
description-COSPEC.html. Accessed 11/12/2005, 2005. 

20. Uyeda S, Hayakawa M, Nagao T, et al. Electric and magnetic 
phenomena observed before the volcano-seismic activity in 2000 


21. 


22, 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


in the Izu Island Region, Japan. Proc Natl Acad Sci U S A 2002, 
99:7352-7355. 

Baxter PJ, Bernstein RS, Buist S. Preventative health measures in 
volcanic eruptions. Am J Prev Health 1986,76:84-90. 

Tayag JC, Punongbayan RS. Volcanic disaster management in the 
Philippines: experience from Mt. Pinatubo. Disasters 1994:18:1-15. 
Bernstein RS, Baxter PJ, Falk H, et al. Immediate public health 
concerns and actions in volcanic eruptions. Am J Pub Health 1986; 
76:25-37. 

Fraunfelder FT, Kalina RE, Buist AS, et al. Ocular effects following 
the volcanic eruptions of Mount St. Helens. Arch Ophthalmol 1983; 
101:376-378. 

Forbes L, Jarvis D, Potts J, et al. Volcanic ash and respiratory 
symptoms in children on the island of Montserrat, British West 
Indies. Occup Environ Med 2003;60:207-211. 

Baxter PJ, Bonadonna C, Dupree R, et al. Cristobalite in volcanic 
ash of the Soufriere Hills Volcano, Montserrat, British West Indies. 
Science 1999;283:1142-1145. 

Wilson MR, Stone V, Sullen RT, et al. In vitro toxicology of respirable 
Montserrat volcanic ash. Occup Environ Med 2000;57:727-733. 
Buist AS, Burnstein RS, Johnson LR, et al. Evaluation of physical 
health effects due to volcanic hazards: human studies. Am J Public 
Health 1986;76(3 Suppl):66-75. 

Searl A, Nicholl A, Baxter PJ. Assessment of the exposure of islanders 
to ash from the Soufriere Hills Volcano, Montserrat, British West 
Indies. Occup Environ Med 2002;59:523-531. 

Vallyathan V, Robinson V, Reasor M, et al. Comparative in 
vitrocytotoxicity of volcanic ashes from Mount St. Helens, El 
Chichon, and Galunggung. J Toxicol Environ Health 1984;14:641- 
654. 

Cook AG, Weinstein P, Centeno JA. Health effects of natural 
dust: role of trace elements and compounds. Biol Trace Elem Res 
2005;103:1-15. 

Kung TM, Ng WL, Gibson JB. Volcanoes and carcinoma of the thy- 
roid: a possible association. Arch Environ Health 1981;36:265-267. 
Zeballos JL, Meli R, Vilchis A, et al. The effects of volcanoes on health: 
preparedness in Mexico. World Health Stat Q 1996;49:204-208. 

Sato J. Natural radionuclides in volcanic activity. Appl Radiat Isot 
2003;58:393-399. 

Bellomo S, D’Alessandro W, Longo M. Volcanogenic fluoride 
in rainwater around active degassing volcanoes: Mt. Etna and 
Stromboli Island, Italy. Sci Total Environ 2003,301:175-185. 

Nriagu J, Becker C. Volcanic emissions of mercury to the atmo- 
sphere: global and regional inventories. Sci Total Environ 2004; 
327:323-329. 

Ferrara R, Mazzolai B, Lanzillotta E, et al. Volcanoes as emission 
sources of atmospheric mercury in the Mediterranean basin. Sci 
Total Environ 2000,2:115-121. 

Queirolo F, Stegen S, Restovic M, et al. Total arsenic, lead, and 
cadmium levels in vegetables cultivated at the Andean villages of 
northern Chile. Sci Total Environ 2000;8:75-84. 

Baxter PJ. Volcanoes. In: Noji EK, ed. The public health consequences 
of disasters. London: Oxford University Press, 1997:179-203. 

Toole MT. Communicable diseases and disease control. In: Noji ER, 
ed. The public health consequences of disasters. New York: Oxford 
University Press, 1977:79-100. 

Patino JR, Castro D, Valencia A, et al. Necrotizing soft tissue lesions 
after a volcanic cataclysm. World J Surg 1991;15:240-247. 

Malilay J, Real MG, Ramirez-Vanegas A, et al. Public health 
surveillance after a volcanic eruption: lessons from Cerro Negro, 
Nicaragua, 1992. Bull Pan Am Health Organ 1996;30:218-226. 
Cooper R, Tuitt J. Montserrat. Managing health care in a volcanic 
crisis. West Indian Med J 1998,47:20-21. 

Oppenheimer C. Satellite observations of Lava Lake activity at 
Nyiragongo volcano, ex-Zaire, during the Rwandan refugee crisis. 
Disasters 1998;22:268-281. 


EISTEDD 


Tsunamis 


Kim Moore and David E. Hogan 


But afterwards there occurred violent earthquakes and 
floods; and in a single day and night of misfortune all 
your warlike men in a body sank into the earth, and 
the island of Atlantis in like manner disappeared in the 
depths of the sea. 

Plato: Timaeus (1) 


Comparable legends of floods exist among peoples 
worldwide. Tsunamis may be part of the origins of 
ancient folklore describing waves rising up and destroying 
entire civilizations. These waves pose a significant threat 
to seaside regions. Thirty-five percent of the world’s 
populations live within 100 km (60 mi) of the coast, 
with this population density increasing steadily over the 
last 30 years. The December 2004 Asian tsunami ranks 
as the most wide-ranging natural disaster in recorded 
history. This catastrophe killed between 225,000 and 
300,000 people in eight countries surrounding the Indian 
Ocean basin (2). Accurate mortality counts are difficult to 
obtain as many people continue to be listed as “missing” 
indefinitely. Since 1945, more people have been killed by 
tsunamis than by the direct effects of earthquakes (3). 
Today we have a better understanding of the origin 
of tsunamis, but they remain a potentially devastating 
natural hazard, with many areas that could be vulnerable. 
Historical evidence exists in many parts of the world for 
massive tsunamis. For example, research indicates that 
the coast of New South Wales in Australia has suffered 
the impact of six massive tsunamis over the last 6,000 
years (4). Should such an event occur today with a 10-m 
(33 ft) wave in the same location, the death toll would 
be 35,000, even with warning (4). Coastal development 
and increased seashore habitation, especially in the 
earthquake-prone Pacific region, make future tsunami- 
related disasters inevitable. 

In 1775 a massive tsunami struck the coasts of Portugal 
and Spain, and along the coast of North Africa. The 
wave has been geologically determined to have been 7 m 
(23 ft) in average height. This event has been estimated to 
have caused in excess of 60,000 fatalities (5). The Grand 


Banks tsunami in 1929 off the Labrador coast struck a 
sparsely populated region of Newfoundland with a wave 
of 15 m (50 ft) height killing 26 individuals. This wave, in a 
somewhat diminished form, continued down the coast to 
New Jersey causing more than $400,000 in (1929 dollars) 
damage and was registered as far away as Portugal (6,7). 

The highly populated coastal regions of the Atlantic 
and Caribbean experience tsunamis with some regularity. 
Since 1498 (when the earliest records began to be kept) 
there have been 37 verified and 52 probable major 
tsunami events (5,8). Despite large numbers of “at-risk” 
populations along the coasts of this area, no tsunami 
warning system exists. This fact likely depends on the 
“low probability-high consequence” mind-set of most of 
the governments in the region, which see the risk of death 
and damage caused by a tsunami as a matter of much less 
concern than other natural or man-made hazards. 

The average number of tsunamis yearly is difficult to 
calculate due to gaps in our ability to detect, monitor, and 
record these events. Roughly six major tsunamis occur 
every 100 years (8). However, newer studies are beginning 
to suggest that the occurrence of major tsunamis (linked 
to earthquake activity) were much more frequent in 
the past. From the end of the last glacial maximum 
(22,000 years ago) until only approximately 4,000 years 
ago the frequency of major tsunami activity worldwide 
may have been more than twice its current rate (9). 
Current research is expanding our understanding of the 
events that result in tsunamis. Paleogeological studies 
have discovered unanticipated patterns of past tsunami 
activity. It is becoming apparent that our current as well 
as future risk of a tsunami-related disaster is likely much 
higher than previously estimated (10). 


THE PHYSICS OF TSUNAMIS 


Tsunami waves are generated by the rapid displacement 
of large volumes of water by three primary mechanisms. 
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First, earthquakes produce approximately 90% of these 
events. Earthquake-prone areas are therefore at increased 
risk for tsunamis. The Pacific Basin (termed the Ring of 
Fire for the frequency of volcanic activity surrounding the 
area) is the most notable example. Produced primarily by 
subsea earthquakes, these events shift the surface crust 
and impart mechanical energy to the overlying column of 
seawater to create a pulse of water compression moving 
out from the epicenter in concentric rings. These multiple 
ripples represent the tsunami waves. The height of a 
tsunami wave is dependent on the degree of vertical shift 
in the crust and therefore on the amount of mechanical 
energy imparted to the water (in essence, the amount of 
water moved). Large shifts of crust make massive waves. 
The 2004 tsunami was initiated by an event of magnitude 
9.0 to 9.3, the second most powerful tsunamogenic 
earthquake in recorded history (11). A violent earthquake 
deep underground may not significantly disturb the 
surface crust despite sizeable lateral ground motion at the 
epicenter. This is the reason that not every large magnitude 
earthquake creates a tsunami. One of the difficulties in 
tsunami warning is that remote seismic detectors are not 
always able to differentiate earthquake events that have 
large vertical shift components from those without. 

The second common mechanism that can displace large 
volumes of water is the landslide. A minor earthquake may 
trigger a large landslide. These events often occur under 
the ocean and produce little or no detectable evidence 
at the time. Undersea volcanic cones are plentiful and 
are quite unstable. If such cones undergo collapse they 
commonly produce massive slides of material under the 
sea. Evidence exists for ancient undersea landslides that 
can be correlated with enormous prehistoric tsunami 
on distant shores (12-14). Such “super tsunamis” have 
occurred in the past and will occur again in the future. 
However, they are considered extremely rare events with 
occurrence rates of one in several hundred thousand or 
even millions of years (15-18). 

Even low-magnitude earthquakes can generate a large 
tsunami by producing slides, again pointing out the 
difficulty in anticipation of tsunami generation and the 
issuance of warnings. Oceans are not the only place where 
landslides produce tsunamis. A large landslide into a lake 
or fjord will create a locally significant tsunami, “running 
up” several 100 ft as the displaced water crashes into the 
shoreline. The tallest tsunami wave ever recorded was due 
to a landslide into Lituya Bay, Alaska, in 1958 that resulted 
in a short range wave of 520 m (1,705 ft) in altitude (15). 

A third cause of tsunami waves is a meteorite strike in 
the ocean. These events have the potential to create waves 
hundreds of meters high as the pulse of water moves out 
from the impact location. Although a rare phenomena, 
the occurrence of such impact-related tsunamis is well 
documented from prehistoric times in the geological and 
fossil records (19-22). It should be noted that it does not 


require a super massive meteorite to create a substantial 
tsunami. Predictions from National Aeronautics and 
Space Administration (NASA) indicate that an asteroid 
of approximately 100 m (328 ft) in diameter will impact 
earth’s oceans approximately once every 2,000 years (23). 
Because of the high velocity and kinetic energy of such an 
object, substantial energy will be imparted to the water 
at the impact zone. Approximately 500 times more energy 
will be released than that created by the largest hydrogen 
bomb ever detonated. The water crater will be more than 
800 m (1/2 mi) in diameter and the initial tsunami wave 
at sea will be more than 40 m (130 ft) tall. By the time the 
tsunami reaches a shoreline more than 1,000 mi away it 
would still create a wave more than 7.3 m (24 ft) tall. 

Tsunamis are a wave phenomenon and will therefore 
follow certain physical laws defined for all waves. Because 
of this, geohydrologists have been able to describe 
the behavior of these waves based on these physical 
parameters. A wavelength is defined as the distance 
between repeating units of a wave pattern. Wavelength 
has an important impact on the behavior of tsunamis. 
Tsunami waves are of extremely long wavelength—up 
to 300 km (more than 180 mi) in the open ocean. By 
comparison, an ordinary ocean wave is 100 to 200 m 
(328 to 656 ft) in wavelength. This long wavelength (and 
the related long period—the time between wave crests 
as the wave passes by) has two important consequences. 
First, the rate of energy loss for a tsunami wave is inversely 
related to the wavelength. Considering that the wavelength 
of a tsunami may be several hundred kilometers, such a 
wave may move across an entire ocean with little loss 
of energy. For instance, a 1960 tsunami generated in 
Chile traveled all the way across the Pacific to kill 185 
people in Japan 22 hours later (8,24). Such transoceanic 
tsunamis are fortunately uncommon, but have occurred 
approximately once a decade. 

Second, the wavelength of a tsunami greatly exceeds 
even the deepest part of the ocean; causing tsunamis to 
behave physically as “shallow water waves” although they 
extend across the entire depth of the sea. The exceptionally 
long wavelength causes the speed of the wave propagation 
to vary directly with depth. The velocity of a tsunami 
(V) is expressed as the square root of the product of the 
depth of the water (d) and the acceleration of gravity (g) 
as noted in Fig. 25-1. As such, the speed of the tsunami 
wave is dependent on the depth of the water through 
which it passes. The wave moves very rapidly in deep 
water, typically 450 to 600 km per hour (280 to 370 mph) 
approaching jetliner speeds. The wave begins to slow as it 
reaches more shallow coastal regions. The slowing of the 
wave causes the water to “pile up” as it reaches the shore, 
with a resultant shortening of the tsunami wavelength and 
a substantial increase in the height of the wave. 

Because the energy is spread through such a large vol- 
ume in deep water, a killer tsunami may be only 2 ft high 
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A Tsunami wavelength shortens and 


the wave velocity decreases as 
shallow water is approached causing 
the wave to “pile up” into a massive 
surge onto the coast. 
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FIGURE 25-1. The relationship 


in mid-ocean, making detection and warning difficult. The 
2004 Asian tsunami had a height of only 2.5 ft and a 
trough of 1 ft. Those on the surface would, at best, have 
noted a 3-ft swell as it passed. The tsunami that struck 
Sanriko, Japan, in 1896, killing 27,000 people passed fish- 
ermen from that port who were at sea. They did not notice 
the tsunami (which would have been only inches high at 
their location) and were stunned to find their home port 
devastated and many loved ones dead when they returned 
(5,25). 

The tsunami phenomenon is divided into three phases: 
(a) generation; (b) propagation; and (c) inundation. The 
generation phase is the production of the tsunami waves; 
the propagation phase is the spread of the tsunami 
away from the disturbance; and the inundation phase 
is the interaction of the tsunami with affected coastal 
areas, resulting in flooding. These phases are outlined in 
Fig. 25-2. 


Generation Phase 


Tsunamis occur when a large vertical displacement of 
water takes place. This can be due to ocean floor movement 
or can result from a substantial landslide. The displaced 
volume of water represents a large potential energy, which 
is transformed into kinetic energy in the form of a series 
of extremely low-frequency, long wavelength waves, or 
tsunamis. Major earthquakes (usually of magnitude 6.5 or 
greater) are the most common cause. However, the type of 
earthquake is as important as its strength in determining 
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between tsunami wave depth, ve- 
locity, wavelength, and run-up at 
the shore. 


whether a tsunami occurs. Generally, tsunami production 
requires a quake occurring at a subduction zone—a fault 
in which one tectonic plate overrides another. Movement 
along this type of fault more commonly produces vertical 
displacement of the crust. One part of the plate pushes the 
other up in a sudden movement. Earthquakes along strike- 
slip faults (such as the San Andreas where one plate slides 
past another laterally) result in mainly horizontal motion 
and seldom produce tsunamis. For instance, the great 
San Francisco quake of 1906 failed to cause a tsunami 
despite the estimated 8.3 magnitude of the event. The focal 
depth of the quake must have been relatively shallow, 
less than 50 km (31 mi), or its energy might not have 
been transmitted to overlying water effectively enough to 
cause a tsunami. Given these facts, the risk of tsunami 
generation from any given seismic event is not a simple 
matter to determine, particularly in the first few minutes 
after a quake when the decision to issue a warning is 
crucial. 


Propagation Phase 


Once the tsunami has been generated, waves spread 
out ripple-like from the area of disturbance across the 
ocean, in a process called propagation. This analogy, 
however, is misleading—pond ripples (and ordinary ocean 
waves) are surface waves, whereas in contrast the entire 
depth of the ocean overlying the disturbance is affected 
in a tsunami. The column of water from the ocean 
floor to the surface is compressed and imparted with a 
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FIGURE 25-2. The physical phases of a tsunami. 


tremendous amount of potential energy. Ordinary vvaves, 
even hurricane-generated vvaves vvith crests rivaling those 
of tsunamis, involve only the small volume of water 
near the surface and contain relatively trivial amounts 
of energy, by comparison. The strength and damage 
potential of tsunamis come from the large volume of 
compressed water and subsequent titanic levels of kinetic 
energy involved. 


Inundation Phase 


This last phase, called the inundation phase, is perhaps 
the least well understood. As the wave train begins 
to encounter shallow water, the wave grows in height 
and concentrates kinetic energy. Because the speed of 
the wave depends on the depth of the water, the front 
portion slows whereas the rear portion piles up against it. 
Therefore, the kinetic energy previously spread through 
a large volume of deep ocean water is now focused in a 
much smaller quantity of water, resulting in a swell of 
immense destructive potential. Unfortunately, although 
the wave is slowed by the shallow water, it still moves 


much faster than humans can run. Once a tsunami is 
observed offshore, it is usually too late to flee the beach. 
The generation phase results in a series of waves, anywhere 
from 5 to 90 (average 45) minutes apart. It is difficult to 
predict whether succeeding waves will be smaller or larger. 
Therefore, further damage is often inflicted after the 
first wave strikes. Earthquake aftershocks or subsequent 
landslides may generate additional tsunami trains as well, 
although typically they are smaller. 

The tsunami is also affected by refraction (a wave 
phenomenon) around obstacles such as headlands and 
irregularities of the shallow coastal bottom. This can 
serve to focus the wave around obstacles. For instance, 
the tsunami often wraps around a protruding headland, 
which concentrates the force on this area. In fact, many 
areas that are relatively safe from storm-generated waves 
tend to be located on the shorelines that amplify tsunami 
waves as they approach the shore. This is characteristic 
of many harbors, and thereby relates to the etymology 
of the Japanese word “tsunami” meaning “harbor wave.” 
The end result of these physical interactions is that the 
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tsunami may rush ashore as a breaking wave, a wall of 
water, or a tide-like flood. 

A tsunami can be up to 30 m (98 ft) in height, but is 
usually 3 to 15 m (10 to 50 ft). A 70-m (230 ft) wave was 
recorded in 1964 following the great Alaska earthquake, 
but as low as 2 to 3 m (6 to 10 ft) is sufficient to cause 
damage or deaths (26). Barring obstruction, the wave may 
propagate inland up to 2 km (1.24 mi), causing a large 
area of devastation; disrupting utilities, communications, 
and transportation; and complicating search and rescue 
efforts. 


MITIGATION OF TSUNAMIS 


Tsunamis travel at 400 to 600 km per hour (250 to 
370 mph) across the open ocean. Because of this high 
speed of travel, warning intervals can be very short—from 
the time of the release of energy into the water to the 
time of impact along the shoreline. This short warning 
time is especially true if the energy release occurs in a 
location close to the shore, such as with a seaside landslide 
or earthquake. In some locations, specific construction 
projects have been put into place along the seashore and 
connecting waterways in an attempt to mitigate the impact 
of future tsunamis. However, engineering methods such 
as flood abatement structures (levees or seawalls) have 
demonstrated limited beneficial results and offer minimal 
protection against a large mass of water moving at high 
speed. Specially built reinforced walls and gates have not 
been truly tested by a strong tsunami so there is little real 
data beyond the engineering predictions. Coastal areas 
with such structures in place experience storms regularly 
but not to the intensity of tsunami waves, again leaving 
the effectiveness of these devices unanswered. 

Tsunami predictions are complex for several reasons. 
The seismic events that create tsunamis may be relatively 
small. Water displacement is significant and yet is hidden 
beneath the ocean surface. The pulse movement of the 
displaced ocean is difficult to track. These issues make 
detection, analysis, and eventual warning difficult and 
time consuming even with a sophisticated monitoring 
system. Population density in the hazard zone, the 
amount of likely debris, the nature of the shoreline, and 
distance from the epicenter all play a part in creating 
the potential disaster. Finally, the degree of ability to flee 
easily and quickly will influence the casualty totals. Steep 
terrain provides safety whereas flat topography allows 
deep penetration of the wave. The 2004 Southeast Asian 
tsunami reached more than 3 km inland in some areas 
because of the low topographic profile of the land. 

The shoreline and barrier islands can mitigate the 
destruction to some degree. The loss of mangroves has 
been blamed for the level of destruction along some 
of the coasts in the December 2004 Southeast Asian 


tsunami (27). Where wetlands prevent shore habitation, 
they shrink the risk zone by keeping people farther inland. 
Bangladesh was due north of the epicenter but incurred 
minimal loss. It has been speculated that the relatively 
shallow ocean leading to this area may have mitigated the 
wave propagation. 

Tsunamis destroy structures encountered on land 
differently than wind-generated waves of a tropical storm 
or hurricane. Gale-generated waves destroy buildings by a 
combination of mechanisms. High winds, soil erosion 
from wave action, and the repetitive force of wind- 
driven waves combine to pound structures until they fail. 
Tsunamis demolish buildings by driving a wall of rapidly 
moving debris-filled water against structures in a single 
crushing blow. The water then carries the new debris 
forward against other objects, demolishing these in turn. 

Tsunamis produce a different flood state than storm 
surges or floods caused when a river crests. The tsunami 
arrives as a surge of water 3 to 10 m high but may 
be hundreds of meters long from front to back. The 
inundation phase produces an immediate flood that surges 
forward as the water from the ocean pushes the wave front, 
on shore. Survivors report wave crests crashing ashore as 
is commonly imagined but they also report an almost 
instantaneous rise in water without a crest at all. 


MECHANISMS OF INJURY 


The wave moves onto the shoreline as a surge that may 
not crest but rapidly covers the area in deep water. It may 
be 30 m (100 ft) in height, spread across the horizon, and 
extend from 50 to 1,000 m (160 to 3,280 ft) into the ocean 
as it arrives. Because of the tremendous amount of mass 
and energy contained in a large tsunami wave, damage 
to structures in affected areas is often universal. Upper 
levels of multistory, concrete reinforced structures such 
as well-built hotels may provide some protection if evac- 
uation is impossible, but cannot be relied upon to resist 
larger waves. Seawalls may mitigate the effect of smaller 
waves, but do little to stop large tsunamis. Most buildings 
and all vehicles are likely to be obliterated and debris of all 
sorts are propelled along with the wave. Entire trains can 
be derailed by the force of the water, with the passenger 
cars scattered haphazardly and rapidly filled with water, 
drowning those unable to escape. It is not just the speed 
and impact of the water, but the wave depth and length 
(duration) that causes the almost total destruction. The 
initial wave submerges the area almost immediately, pre- 
venting occupants of the area from escaping as cubic meter 
after cubic meter of the surge continues to move ashore. 
The tsunami is not just seawater; it contains a great 
deal of debris moving rapidly and is capable of causing 
physical injuries from blunt, crushing, and penetrating 
mechanisms. One of the initially puzzling features of the 
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Papua, New Guinea wave involved bright lights seen on the 
crest of the wave, which survivors noted and connected 
with subsequent burn-type injuries. Investigations later 
determined that the “lights” were the result of phospho- 
rescent algae that were activated by the wave; the “burns” 
were actually abrasions from being rolled over the sands 
of the area. Many victims were flung against trees and 
impaled on bamboo limbs. Serious injuries to the head, 
spinal, thoracic, and abdominal regions make survival es- 
sentially impossible given the force of the tsunami and the 
delays likely in definitive care. In Papua, no survivor with 
any of these injuries was noted (28). Survivable injuries 
include near-drowning and aspiration pneumonia (29,30). 
Orthopaedic and soft tissue injuries are the most common 
conditions among survivors (31,32). Orthopaedic injuries 
include both open and closed fractures, as well as sprains 
and strains. Soft tissue wounds are usually contaminated 
with debris and foreign bodies and develop high infection 
rates (32-34). 

Infrastructure such as water and sewage systems, 
power and gas lines, roadways, and most fixed facilities 
will sustain at least some damage if they survive at all. 
Hazards caused by chemical or septic contamination of 
water supplies will increase the threat to survivors in the 
posttsunami period. The danger from fire, explosion, and 
electrical injury are high during the impact phase and 
early recovery phases of the disaster (33). Any remaining 
dwellings in the strike zone will sustain damage caused 
by mud and salt water and are likely to be structurally 
unsound. The devastation due to large strikes may be so 
widespread that rescue operations are limited even if those 
resources are immediately available. 

Tsunami disasters produce extensive effects. Owing 
to relatively short warning times and lack of protective 
structures, fatalities are high in relation to injuries. 
The difficulty of timely rescue and the physical effort 
required to survive the wall of water and debris, make 
it unlikely that the most seriously injured casualties 
would be able to survive regardless of the medical 
sophistication or developmental level of the impact area. 
The sophistication of the surviving medical infrastructure 
and availability of air medical transportation will strongly 
influence the outcome of near-drowning and moderately 
injured casualties. Many casualties of the December 2004 
tsunami survived the immediate event with injuries only 
to succumb to medical complications due to the lack of (or 
destruction of) intensive care capabilities in their region. 
As with other disasters of significant and wide-ranging 
destructive power, the medical infrastructure of the 
community impacted by the tsunami is often destroyed, 
leaving not even routine medical care for the casualties. 

The major mortality due to tsunamis generally results 
from drowning (33,35). Casualties living through the 
initial surge and inundation may be pulled far out to 
the sea as the water rushes back to the ocean. Although 


occasional casualties have been found floating on debris as 
far from shore as 150 km (90 mi), few injured individuals 
can survive for long in such conditions. Emergency 
response is focused on rapid search and rescue with fast 
transport to safe locations. Tsunami waves can arrive at 
intervals as long as 90 minutes apart. The succeeding 
waves can be larger than the first pulse and add risk 
to the emergency responders and survivors alike. Escape 
to higher ground is frequently the only realistic activity 
during the rescue phase of the event. Large tsunamis 
destroy much of the infrastructure including roads, 
facilities, communications, and basic health components 
in the area where they strike. The magnitude of this 
destruction will determine the response required after 
the inundation phase. 


MEDICAL CARE AFTER TSUNAMI 
DISASTERS 


As noted before, in a large tsunami, deaths frequently 
exceed the number of injured. Average death rates 
are estimated at 50% for the population caught by a 
tsunami, but rates up to 80% have been reported. For 
example, in the 1998 Papua, New Guinea tsunami, the 
death toll was conservatively estimated at 2,200, while 
approximately 700 injured individuals received formal 
medical care (36). Hundreds and, perhaps, thousands of 
individuals were unaccounted for and many of these were 
undoubtedly dead. Most deaths resulted from drowning 
in both the New Guinea and the Asian tsunamis (33,36). 
Sand and debris were often found in the airway on 
postmortem on the Asian tsunami casualties. Blunt 
trauma was the second leading cause of death in both 
events. Soft tissue wounds were the most common 
injury suffered by survivors (33,36). Casualties sustained 
numerous lacerations from the churning broken glass and 
metal debris in the water at Banda Aceh as the wave tore 
through the resort. 

As with most disasters, the elderly and children 
account for a significant number of the overall casualties 
due to tsunami disasters (37). The reason for this is 
straightforward. A tsunami produces a maelstrom of 
debris-filled water that slams against anything in its path. 
Survival is linked to the ability to be mobile and escape 
the danger zone as well as the fitness and strength to 
fight for survival. Injury, momentary unconsciousness, or 
relative weakness can kill in this physically demanding 
environment. Those not strong enough to initially escape 
or to withstand the physical struggle caused by the 
tsunami-created violence will die. Up to 40% of the Sri 
Lankan casualties were children (38). 

Survivors located are likely to be suffering from dehy- 
dration, hypothermia, and sunburn. Aspiration pneumo- 
nia is common among the survivors. However, a number 
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) TABLE 25-1 Tsunami-Related Injuries 
and Conditions 


Tsunami-Related Injuries and Conditions 


m Drowning (accounts for a significant number of the dead) 

m Near-drowning (in severely ill or injured casualties) 

m Aspiration pneumonia (complicates multiple trauma cases) 

m Blunt trauma (significant head, thoracic, spinal, or abdominal 
trauma usually precludes survival) 

m Orthopaedic injuries (often multiple fractures of long bones) 

m Soft tissue injuries (often complex and contaminated) 

m Toxic exposures (fires, industrial sources) 

m Hypothermia (exposure to water and the elements) 

m Heat injuries (hyperthermia, sunburn, dehydration) 

m Wildlife exposure (bites and stings from endemic creatures) 

m Infectious diseases (endemic illness, respiratory and waterborne) 

m Fires (ruptured gas and oil lines, electrical lines, cooking fires) 

m Explosions (gas mains, fuel storage locations) 


of such casualties succumbed days after the 2004 event 
to respiratory failure, most of whom did not have access 
to sophisticated medical equipment such as ventilators in 
the early phase of their treatment. In areas with active 
wildlife, bites and exposure to wild animals are a prob- 
lem. This adds hypersensitivity reactions, envenomation, 
infection, and rabies to the list of potential problems. In- 
fectious disease due to contaminated drinking water and 
disrupted sewage facilities may be a significant risk. An 
outbreak of diseases endemic to the region becomes likely 
due to degraded public health conditions (39). The com- 
mon conditions associated with tsunamis are presented in 
Table 25-1. 


Prehospital Considerations 


Safety is a critical concern during the first minutes to 
hours after the strike. Rapid response into the damage 
area will put rescuers at risk, if or when additional 
waves arrive. Evacuation of survivors in the strike 
zone should be the primary focus. Most survivors will 
likely have minimal injuries caused by the tsunami, 
suggesting that prehospital care should focus on rapid 
triage and evacuation. More seriously injured casualties 
may succumb to environmental stress if not quickly 
discovered and evacuated, particularly if the disaster takes 
place during intemperate conditions. The inundation area 
is a danger zone because of the debris and subsequent 
tsunami waves such that a rapid initial response into this 
area will place the responders in danger. 

Search and rescue efforts are complicated by the 
widespread devastation. Routine landmarks may be oblit- 
erated even from the air, making surveys and search 
difficult without Global Positioning System (GPS) technol- 
ogy. Hidden threats, mountains of debris, and additional 


waves make anything but self-rescue nearly impossible in 
the early hours or even days after the incident. Roads are 
often impassible requiring air transport for both respon- 
ders into and patients out of the area. The huge amount 
of mud deposited by the tsunami creates a monochro- 
matic gray scale setting within the jumble of debris. The 
human visual system is adapted to function in a color- 
ful, motion-filled environment. Identification of immobile 
mud-covered victims, embedded within mud-covered rub- 
ble, is very difficult. 

Routine emergency medical service (EMS) response 
after the incident will be limited for days or even weeks 
until roadways and infrastructure can be rebuilt in the 
destruction zone. EMSs are often utilized for public health 
activities in addition to first aid functions, particularly 
where the health care facilities have sustained damage. 
Most of the cases managed by organized prehospital 
health care providers will considerably be after the 
inundation phase, as air transport becomes available. 
Rescuers and survivors will both sustain rescue-related 
injuries as they move about the debris field in the 
days following the tsunami strike. Waterborne diseases 
may become a significant threat even in urban areas 
as sewage and chemicals contaminate the damaged 
water supply systems. Establishing basic sanitation and 
provision of potable water for the population within 
the strike zone negates many of these infectious disease 
concerns (33,35,39). 


Emergency Department Considerations 


Large tsunami waves can destroy much of the infrastruc- 
ture, including health care facilities, up to 2 km inland. 
Large concrete buildings may survive the wave but will 
be filled with mud and debris. Most equipment and sup- 
plies within such structures will likely be destroyed or 
contaminated. Surviving health care facilities will receive 
the injured as they are discovered and can be transported. 
However, the high mortality rates of casualties within the 
strike zone will limit the need for acute care. As with many 
disasters, most casualties will self-refer. 

Damaged health care facilities will require the evac- 
uation of existing patients. A one-story hospital within 
the inundation zone in Thailand after the 2004 tsunami 
was not destroyed but none of the patients, or medical or 
nursing staff on duty survived. The water rose so quickly 
that neither the patients nor the health care staff members 
trying to rescue them could escape. Flooding as a result 
of the wave movement inland may isolate or substantially 
impair travel to and from surviving health care facilities 
close to the strike zone. Medical personnel may be unable 
or unwilling to report for duty. 

The most common conditions seen early in survivors 
have been reported to be soft tissue wounds, environmen- 
tal or orthopaedic-related (31-33,36,39,40). One study of 
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the 2004 Asian tsunami evaluated casualties evacuated 
to Europe and determined that the predominant injury 
in survivors consisted of a constellation of multiple soft 
tissue wounds from several centimeters to more than 
60 cm in length. The distribution of the wounds was docu- 
mented as lower extremities 88%, upper extremities 29%, 
and the head 18%. Most soft tissue wounds were highly 
contaminated (29). As noted before, most seriously in- 
jured casualties will not survive to be transported to the 
emergency department if the tsunami is large. 


Wound Care after Tsunamis 


Management of soft tissue wounds will consume a sub- 
stantial amount of time and resource in the care of 
the tsunami casualties. As with most disasters of this 
type, soft tissue wounds represent a large proportion of 
the injuries seen. The wounds are usually highly con- 
taminated and may represent the primary injury to the 
casualty or complicate coexisting traumatic or medical 
problems (31-33,40). In the rush to care for multiple ca- 
sualties of these incidents, little documentation or data 
collection with regard to wound care or infection rates 
are kept. As a result, little research data has been pro- 
vided about the optimal wound management methods 
for tsunami casualties. Some specific information is how- 
ever available on this topic. One report indicates that 
wound management of multiple trauma casualties evac- 
uated from the 2004 Asian tsunami was complicated by 
significant contamination. Isolates from wounds of these 
casualties included Pseudomonas 54%, Enterobacteria 
36%, Aeromonas 27%, multiply resistant Acinetobacter 
18%, and extended-spectrum beta-lactamase positive Es- 
cherichia coli 18%. Respiratory isolates from the same 
cohort developing such infections were unusual, consist- 
ing of Aeromonas hydrophilia, pseudomonas species, and 
Candida albicans (29). 

Careful tetanus prophylaxis should be observed. Even 
without serious levels of soft tissue injury, tsunami- 
related wounds should be considered tetanus prone. 
One example from the Indonesian province of Aceh 
indicates that 106 cases of tetanus with 20 fatalities (18.9% 
case fatality rate) resulted during the care of tsunami 
wounds (39). 

A high percentage of the casualties of the tsunami 
will expire from drowning; however, at least some casu- 
alties with delayed acute respiratory distress syndrome 
(ARDS) or aspiration pneumonitis from near-drowning 
are likely. Health care providers may need to triage and 
manage casualties from submersion and near-drowning 
episodes. This level of care may be complicated due to the 
destruction of local acute care and medical evacuation re- 
sources. The management and evacuation considerations 
of submersion and near-drowning casualties are detailed 


in Chapter 19. Casualties with underlying medical condi- 
tions that have been exacerbated by the stress of the event, 
lack of regular medications, and loss of routine health care 
will constitute a larger portion of the case load as time 
from the tsunami strike increases. Identification of casu- 
alties and assisting local population in locating missing or 
injured family members will become an additional critical 
function of the health care facility. Assistance by various 
local or national governmental agencies as well as inter- 
national agencies such as the International Red Cross and 
Red Crescent Societies are invaluable for this function. 


Tsunami Lung 


An unusual pulmonary complication has been reported 
in tsunami survivors having experienced near-drowning 
or other submersion injuries. Dubbed “tsunami lung” by 
some, a number of such casualties were noted to develop 
a progressive necrotizing pneumonitis approximately 1 
month after their submersion. Cases developed fluctuating 
fever, chronic nonproductive cough, and x-ray evidence 
of cavitary, necrotizing pneumonia (30). Some patients 
developed pneumothoraces and empyema as well. The 
pneumonia was not responsive to broad spectrum an- 
tibiotics. Three of ten known cases grew out potentially 
causative organisms, Burkholderia pseudomallei in two 
cases, and a Nocardia species in a third (41). B. pseu- 
domallei is suspected to be the causative organism by 
some, as it inhabits the marine environment to which 
the casualties of the tsunami were exposed. However, 
B. pseudomallei was not consistently cultured from these 
cases, leaving such statements as only speculative (42). 
The case fatality rate for this pneumonic process (despite 
the ineffectiveness of broad spectrum antibiotics used) 
has been estimated at 7.7% (41). Supportive care and 
management of pulmonary complications are the primary 
recommendations (30). 

The provision of public health services and reconsti- 
tution of the general medical support infrastructure will 
eventually dominate the activities of any surviving health 
care facility in or near the strike zone (33). The speed 
at which this medical infrastructure is replaced depends 
on multiple factors, including the level of economic and 
health development of the impacted region, the degree 
of devastation due to the tsunami, and the levels of local, 
regional, and international aid and cooperation. Surviving 
health care facilities may be used as organizational bases 
and conduits for such health care aid as they are a good 
source of local geographical, political, and social expertise. 
The international response to the December 2004 Asian 
tsunami provided a blueprint for a successful response. 
The anticipated illnesses and deaths from waterborne and 
related diseases did not materialize despite the almost uni- 
versal destruction of the essential infrastructure in most 
areas. 
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TSUNAMI PLANNING POINTS 


A tsunami is an extremely povverful natural phenomenon 
that cannot be prevented or modified by any method that 
we know ofat this time. Engineering (such as breakwaters, 
seawalls, reinforced construction, and pine tree belts) can 
provide minimum protection. No technology or activity 
can reliably protect a human from a tsunami except accu- 
rate early warning and evacuation of the projected impact 
zone. However, warnings are useless if the public fails to 
heed them or if they do not know the proper response. In 
1994, a National Oceanic and Atmospheric Administration 
(NOAA) warning of a tsunami was surveyed by the Fed- 
eral Emergency Management Agency (FEMA). This study 
found that of the 14 communities in the warned area, the 
warning was unusable in 30% and not timely in 70%. An- 
other example involved the 1960 tsunami in Hilo, Hawaii, 
following an earthquake in Alaska. Several previous warn- 
ings had proved to be false alarms, with one involving a 
tsunami only 6 in tall arriving on the beach. Therefore, 
the population failed to respond in an appropriate manner 
to this warning and 59 fatalities occurred (6,24). Public 
education is critical in tsunami safety. It is not enough 
to give a proper and timely warning if the public is not 
adequately educated as to the hazards and the appropriate 
protective response. Emergency health care providers in 
tsunami-prone areas can play an important role in this 
education process. 

Given the importance of warning, it is helpful to know 
how such warnings are generated. The current warning 
system in the Pacific is primarily triggered by seismic 
alerts. Any earthquake with a magnitude more than 7 
results in a tsunami watch, although there are some 
recommendations that any earthquake with magnitude 
6.0 be investigated for possible tsunami risk (8). If a 
tsunami is confirmed by tidal gauge, then a tsunami 
warning is distributed to areas likely to be affected 
by the wave. This is generally adequate for distant 
tsunamis, which are the biggest threat to the United 
States. Only one person has been killed in the continental 
United States since 1945 because of a tsunami (8). The 
Pacific Tsunami Warning Center attempted to provide 
information to various countries after the high magnitude 
earthquake was detected on December 26, 2004. However, 
the lack of communication and authority to the areas at 
risk hampered their efforts. There is no comprehensive, 
integrated, worldwide tsunami warning system available 
as yet. The United States and Japan operate the most 
sophisticated systems currently and share information 
regarding tsunami threats freely. These systems, however, 
are primarily directed at protection of the nations that 
created them. Although many nations have supported 
the development of tsunami warning systems, others 
have openly declined to support their development and 


deployment (generally due to a lack of understanding of 
their own tsunami risk). 

Local tsunamis (those which occur in the immediate 
vicinity of the tsunami-producing event) get much less 
warning and may not allow adequate evacuation time. 
In Papua, New Guinea, an earthquake was felt, but was 
not understood by the local population as a risk factor 
for tsunami. It is thought that even if a warning had 
been given, the population may not have had time to 
evacuate. In the December 1992 Nicaraguan tsunami, the 
ground waves from the earthquake that generated the 
tsunami did not reach the shore; therefore, the residents 
got no warning (43). Local tsunamis will continue to be 
a significant hazard in some areas, best coped with by 
community planning and education. Residents should be 
taught to move to higher ground if an earthquake is felt. 
There should be clearly thought-out evacuation routes 
and safe areas that are well marked. Aggressive public 
education campaigns should be undertaken to make the 
community aware of the risk as well as procedures 
and evacuation routes to take even if an alarm is not 
given. In Hawaii, this information is included in the local 
phone books. Figure. 25-3 demonstrates a public circular 
of “Tsunami Safety Advice” from the National Weather 
Service, West Coast and Alaska Tsunami Warning Center. 

Hazard signs should be posted in tsunami-prone areas. 
A pilot tsunami preparedness program was prepared for 
two communities in California by FEMA and NOAA. This 
involved detailed inspection of the area and preparation 
of inundation maps. These areas were then clearly marked 
with signs. This should serve as an example for tsunami- 
prone communities (3). 

One serious problem continues to be “false” tsunami 
alarms. The prediction of exactly where, when, and with 
how much force a specific tsunami wave will strike is still 
quite inexact. As a result, alarms are at times given for 
tsunami events that are less than dramatic. It is also a 
fact of human nature that if the alarms given are mostly 
“false” alarms, people will learn to disregard them. The 
complex geohydrological interactions occurring between 
the tsunami-generating event, the sea, and the shoreline 
make exact predictions impossible. Currently deployed 
technology can measure the magnitude of the earthquake 
but is only an indirect measure of the force imparted to the 
ocean water. There are new sensors under development, 
which may be deployed at the sea bottom to detect very 
small amounts of water movement. In addition, other 
sensors under development combine space-borne radar 
with GPS to achieve a sensitivity that can detect small 
movements in the sea level and sea floor. If developed 
and deployed, these advanced systems will improve our 
understanding of tsunamis, and diminish the frequency 
of “false” warnings. The short warning time with the local 
tsunami will, however, continue to be a problem. Public 


286 III. Natural Disasters 


FIGURE 25-3. Tsunami Safety 
Advice flyer. (From the West 
Coast and Alaska Tsunami Warn- 
ing Center, National Weather Ser- 
vice of the National Oceanic 
and Atmospheric Administration 
with permission.) Abbreviation: 
NOAA, National Oceanic and At- 
mospheric Administration. 


Tsunami safety advice 


National Weather Service 
West Coast and Alaska Tsunami Warning Center 


Be prepared BEFORE a Tsunami Strikes: 


+ Know the tsunami history and flooding 
elevation of your area. 

ə Learn the location of nearest shelter/ 
safe area. 

ə Learn the safe route to shelter. 

+ Have on hand emergency supplies for 
at least three (3) days. 


+ Keep your emergency supplies in a 
backpack near your door. 

+ Know how to turn off your utility mains. 
+ Get basic first aid instruction. 

+ Have family discussions about tsunamis 
and evacuation plans. 


When a “Tsunami WATCH" is issued for your area: 


+ This means a dangerous tsunami has 
not yet been verified. If one exits, it may 
only be one hour away. 

+ Frequently monitor radio, Coast Guard 
emergency frequencies, NOAA Weather 
Radio, or other reliable sources. 

+ If you live in a low-lying area, carefully 
check your emergency supply kit. Espe- 
cially, remember any special medicine, 
infant needs, warm clothing, water and 
cash. 


+ Locate family members and review 
evacuation plans. 

+ If you have special evacuation needs 
(handicapped, elderly, small children), 
consider early evacuation. 

+ Only consider taking your boat to deep 
water if time, weather, and its seaworthi- 
ness permit!. 

+ Secure important loose objects around 
your home/business, if time permits. 

+ Make ready to evacuate. 


When a ‘Tsunami WARNING" is issued for your area: 


+ This means a dangerous tsunami may 
have been generated and could be very 
close! Estimated times of wave arrival are 
given for selected coastal places. 

+ If on the beach or near the shoreline: If 
you feel a very strong earthquake, evacu- 
ate to higher ground immediately! 

+ Ifa tsunami is verified, the warning is 
extended to all pacific coastline: Closely 
monitor radio, Coast Guard emergency 
frequencies, NOAA Weather Radio, or 
other reliable sources. 


+ Never go down to the beach to watch for 


a tsunami! 


+ Follow instructions issued by local off- 
cials. Leave immediately if ordered to do 
so. 

Remember your emergency kit! 

+ Turn off your electric and gas service at 
the main, only if ime permits, Do not use 
the telephone except in a genuine emer- 
gency. 

+ Once in a safe area, do not return to the 
hazard zone until a competent local off- 
cial has issued an “all clear”. 

+ All tsunamis, like hurricanes, are poten- 
tially dangerous even though they may 
not damage every coastline they strike. 


education will continue to be the second critical link in 
tsunami survival. 


SUMMARY 


Tsunamis represent a natural hazard of immense pro- 
portions, generated by physical processes of the earth. 
Humans have no ability to alter these physical pro- 
cesses themselves. The primary defense against tsunamis 
lies with understanding, predicting, and detecting the 


activities of the wave-generating processes efficiently 
enough to provide an adequate warning to high-risk 
populations. As such, comprehensive multidisciplinary 
programs are required to minimize deaths and injuries 
due to tsunamis. The major elements of such plans should 
include: (a) the analysis and evaluation of hazard areas 
including evacuation routes; (b) the development of an 
effective early detection and warning system; (c) a plan 
that stresses on public education and awareness; and 
(d) the complete evacuation of threatened areas, upon 
alert. 
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Industrial, 
Technological, 

and Transportation 
Disasters 


Chapter 26 


Medical Management 
of Radiation Incidents 


Fun H. Fong, Jr. 


“The discovery of nuclear reactions need not bring about 
the destruction of mankind any more than the discovery 
of matches.” 

Albert Einstein 


Radiation incident responses share a great deal of 
commonality with those of hazardous materials (Haz- 
Mat). Indeed, the first HazMat response documents were 
originally derived from modified radiation response doc- 
uments. Since then, HazMat response has evolved sep- 
arately such that some HazMat doctrine may seemingly 
conflict with radiation response doctrine at times. While 
HazMat response continues to undergo a period of in- 
creased awareness and renaissance, a true consensus is yet 
to emerge for its principles, especially within the hospital 
setting. Radiation does not pose the same potential degree 
of hazard as some HazMat do for both the casualty and 
personnel; hence, providers for radiation incident casual- 
ties have the opportunity to ensure that their patients are 
medically stable before the definitive radiation incident 
measures of decontamination and other radiation-related 
therapy are undertaken. Additionally, radiation is easily 


detectable and is much more easily traceable than haz- 
ardous chemicals or biological agents. 

The radiation incident casualty may be approached, 
as in a trauma response, with universal precautions. The 
standard emergency protocols of advanced cardiac life 
support (ACLS), advanced pediatric life support (APLS), 
and advanced trauma life support (ATLS) always take 
precedence over radiation issues. Medical stability should 
be assured before concentrating on the radiation issues. 
The clinician should determine whether the possible mode 
of exposure presents a contamination hazard and whether 
the patient is likely to be locally or systemically affected. 
If the patient is contaminated, the clinician should 
collect samples from the orifices and the contaminated 
areas, documenting in much the same manner as in 
an assault examination. The patient can be definitively 
decontaminated either inside or outside the emergency 
department (ED). If the patient is thought to have 
experienced significant systemic irradiation, conventional 
disease, or trauma, the patient should be admitted; 
otherwise, the patient should be referred for follow-up 
and counseling on the impact of his or her exposure. 

Inthe history ofradiation incidents, overexposures tora- 
diation have only rarely been reported for site responders. 
Hospital personnel rarely accumulate any occupationally 
significant exposure while caring for a radiation incident 
casualty. Unfortunately, the history of radiation incidents 
is also rife with accounts of casualties who were turned 
away from health care facilities due to fear of contamina- 
tion. Good education and an earnest review of radiation re- 
sponse plans will often uncover problems and unsupported 
protocols in an institution’s radiation response plan. Such 
problems may then be revised before they become an em- 
barrassment during actual radiation response. 
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BASIC RADIATION PHYSICS 
AND RADIOBIOLOGY 


Radiation is the transfer of energy through space. lonizing 
radiation may be one of many different types of charged 
or uncharged particles or photons or a mixture of both 
that can cause ionization (1). Radiation, like all “poisons” 
has an effect on the body based on the dose of radiation 
obtained. We will discuss the nature and levels of radia- 
tion dose later in this text, but a good comparison is that the 
amount of ionizing radiation energy necessary to kill half 
of the humans who obtain such a dose, is roughly equal to 
the thermal energy found in a cup of hot coffee. 


Specific lonizing Particles 


Beta particles are high-energy electrons emitted from 
unstable nuclei; they are only able to penetrate a few 
centimeters of tissue. X-rays and gamma rays are high- 
energy photons that pass readily into and through tissue; 
these can be greatly attenuated by thickness of lead. 
Beta, gamma, and x-ray radiations are designated as low 
linear energy transfer (low-LET) radiation, and they have 
approximately equivalent biological effects per unit of 
radiation. 

Alpha particles are helium nuclei stripped of their 
electrons. They are heavy particles that have no pene- 
trating power past the keratinized layer of the skin, but 
that may be of medical significance when these particles 
have been internalized. Neutron emission is regarded as 
highly potent radiation that penetrates deeply, creating 
denser ionization trails. Few neutron sources exist out- 
side of reactors, nuclear devices, and industrial moisture 
density gauges. Alpha and neutron emissions are desig- 
nated high linear energy transfer (high-LET) radiation. 
High-LET radiation has the potential for significantly 
greater biological effects—by a factor of 2 to 20—than 
does low-LET radiation. The radiation penetration guide 
given in Fig. 26-1 demonstrates this. 


Beta 


Gamma 


Neutron 


FIGURE 26-1. Radiation penetration guide. 


THE EFFECT OF RADIATION 
(MECHANISM OF INJURY) 


The subject of ionizing radiation has the most relevance 
to the medical community when the process of ionization 
occurs within living tissue. This process causes breaks in 
chemical bonds that may or may not make a difference in 
the function of the cell. Cells have developed cellular repair 
mechanisms against radiation damage and most repairs 
are successful. However, when the level of radiation 
damage is severe enough (as with a high dose) or a vital 
part of the cell is severely damaged, the repair mechanisms 
will fail. The most vulnerable target in the cell is the 
nuclear deoxyribonucleic acid (DNA). Damaged DNA may 
cause an impairment of the cellular process of mitosis 
(either delay or inhibition) or genetic mutation, which 
may cause an alteration in the gene’s expression or in 
daughter-cell lines. 

Ionizing radiation may cause clinical effects in two 
discrete patterns. The first are the stochastic effects, or 
all-or-nothing effects, the severity of which does not vary 
with dose; but, the probability of occurrence does vary 
with the dose (2). Examples of stochastic effects are an 
increased risk for the development of malignancy over an 
individual’s lifetime and inheritable genetic mutations. 
The second are the deterministic effects, which have 
a clinical threshold, such that exposures above that 
threshold will induce effects in a certain percentage 
of individuals. With deterministic effects, the severity 
of the effect increases with the dose (3). Examples of 
deterministic effects are hematopoietic depression, organ 
or tissue fibrosis, cataract induction, and the impairment 
of fertility seen with radiation exposure. A representative 
dose-response curve for stochastic and deterministic 
effects is available in Fig. 26-2 (4). 


RADIATION DOSE MEASUREMENT 


Ionizing radiation is measured either in the English unit, 
the radiation absorbed dose (rad), or the international 
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FIGURE 26-2. Diagram characterizing the stochastic and de- 
terministic effects of ionizing radiation. 
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) TABLE 26-1 Representative Radiation Exposures 


Exposure Type 


Sleeping next to someone 
Transcontinental flight 

Chest radiograph 

Background radiation 

CT head (nonspiral scanner) 

CT abdomen (nonspiral scanner) 
Bone scan 

Radiation treatment 


Abbreviation: CT, computed tomography. 


scientific (SI) unit, the Gray (Gy), in which 100 rads 
equals 1 Gy. Occasionally, rads may be expressed in terms 
of centigray (cGy) and, in radiation oncology circles, in 
terms of measuring units. Differences in the biological 
effects are taken into account in the common unit, the 
roentgen equivalent in man (rem), or the SI unit, the sievert 
(Sv), where 100 rem equals 1 Sv. In radiations such as 
alpha or neutrons, ionization may be up to 20 times more 
effective than the corresponding gamma radiation. In this 
chapter, SI units will be used and will be followed by the 
corresponding common unit in parentheses. Table 26-1 
shows common representative radiation exposures and 
places radiation overexposures in perspective. 


RADIATION EXPOSURE MECHANISMS 


Humans are subject to the following three main types 
of radiation exposure (Fig. 26-3): (a) irradiation, (b) ex- 
ternal contamination, and (c) internal contamination (5). 
Humans may be affected by any combination of these 
mechanisms. Events that are immediately recognized as 
a potential radiation incident usually involve a single in- 
dividual or smaller numbers of individuals. Radiation 


External 
contamination 


Irradiation 


Exposure Level 


0.00005 Gy/yr 

0.00005 Gy/flight 

0.00012 Gy/film 
0.0025-0.0040 Gy/yr 

0.01 Gy to head 
0.02—0.05 Gy to abdomen 
0.05 Gy whole body 
2.5-3.0 Gy locally 


SI Units/Common Units 


5 mrem/yr 

5 mrem/flight 

12 mrem/film 
250—400 mrem/yr 

1 rad to head 

2-5 rad to abdomen 
5 rad whole body 
250-300 rad locally 


incidents that are recognized in a delayed manner have the 
potential to involve larger numbers of individuals who are 
contaminated or exposed. Table 26-2 shows the different 
origins from which radiation incidents may arise. 


CLINICAL HISTORY IN RADIATION 
INCIDENTS 


The clinical history is a critically important element of 
the evaluation and treatment of the radiation casualty. 
A properly taken history is not time consuming and can 
provide vital information for both the clinician and the 
health physicist regarding the potential dose of radiation 
the casualty may have received. Such information may 
be used to guide the initial clinical management of 
the casualty as well as provide a basis from which to 
estimate overall dose and prognosis during later radiation 
counseling. The primary elements of the radiation history 
are discussed in the subsequent sections. 


Circumstances of Exposure 


The mechanism of possible exposure needs to be known 
to determine whether an exposure actually took place 


Internal 
contamination 


FIGURE 26-3. Three main modes of radiation 
exposure. 
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) TABLE 26-2 Typical Radiation Accident Scenarios 


Radiography 

Medicine (nuclear medicine/radiology/radiation oncology) 
Radionuclide production-manufacturing (occupational) 
Reactors 

Research 

Military (broken arrows, bent spears) 

Transportation 

Public domain (including terrorism scenarios) 


and if it involved irradiation, internal contamination, 
external contamination, or some combination thereof. 
Understanding the circumstances of a casualty’s exposure 
is important because the radionuclide involved, the 
mechanism, and the geometry of exposure may determine 
the ultimate survivability for casualties of a high-dose 
radiation incident. 


Confirmation of Radiation Exposure 


Radiation exposure allegations will not only be associated 
with terrorist events, but will occur episodically during 
the usual practice of medicine. Such potential exposures 
are commonly found in the health care environment from 
the handling of radionuclides in nuclear medicine de- 
partments. As such radiation incidents, when they occur, 
often occur within the hospital, research, or industrial en- 
vironment. These locations will (by law) have some form 
of radiation incident protocol regarding the inadvertent 
release or exposure of individuals to such radionuclides. 
Radiation incidents occurring outside of such controlled 
locations are more problematical. Radiation overexpo- 
sures have occurred from contaminated scrap metal or 
lost sources of radiation (such as cobalt radiation sources 
from medical devices) that unexpectedly appeared in the 
public domain. 

The clinician may not be able to confirm radiation 
overexposure from a clinical workup, as radiation overex- 
posures at lower dose may have no clinically detectable 
effects. One investigates an allegation of exposure by veri- 
fying the presence of a radioactive source or by obtaining 
corroborating history (from a coworker or supervisor). If 
radiation is indeed involved, one should next assess the 
potential for contamination. If the radiation exposure has 
occurred within a known location of the community it 
may be necessary to request the state radiological health 
department (or an equivalent agency) to send a radiation 
survey team for field measurements. Most state agencies 
should be able to field such a team either emergently or ur- 
gently (within 24 hours), depending on the situation. Most 
larger municipalities have HazMat units able to perform 
appropriate field analysis in a timely manner. Many mu- 
nicipal and state agencies have recently augmented their 
ability to evaluate radiological incidents due to programs 


associated with homeland defense and counterterrorism 
protocols. 

Once radiation exposure has been verified, one must 
determine the radionuclide(s) involved, the amounts, and 
the chemical and physical forms involved. The author has 
seen some cases in which the radionuclide was listed as a 
highly insoluble form, but was found later either to be a 
more soluble form or to contain some other unexpected 
radionuclides. Cases such as these reinforce the point that 
confirmatory health physics (HP) tests for radionuclides 
should be performed in an emergent manner to ensure that 
the specific radionuclides involved and their solubilities 
are known early. This information has a direct impact 
on the immediate management of radiation casualties 
relating to the decontamination and/or decorporation 
methods that may be employed. 


Form of the Radionuclide 


The physical and chemical form of the radionuclide will 
determine the potential for contamination and whether 
other chemical hazards might be involved. Radionu- 
clides are frequently dissolved in acids, thereby present- 
ing a potential mixed hazard. When they are mixed 
with acids, radionuclides are usually highly soluble. 
Uranium occasionally presents as uranium hexafluoride 
(UFs), an intermediate step in uranium enrichment. 
If UF, is released into the air, it reacts with water 
vapor to form uranyl fluoride (UO2Fə) and hydrofluo- 
ric acid (HF) (6)—an exothermic reaction that has the 
potential to create thermal burns. The high-fired ox- 
ide of plutonium, a common component of transuranic 
(TRU) waste, is renowned for its insolubility and should 
not be bioavailable. Americium oxide (AmO 2), found 
in common household fire detectors, is also highly in- 
soluble and therefore it may not present a significant 
hazard if swallowed whole (although this is not recom- 
mended). 


Immediate or Delayed Recognition 
of the Incident 


One might need to classify radiation incidents as an 
“immediate recognition” incident or as a “delayed recogni- 
tion” incident. This fact is important for the following two 
reasons: (a) delayed recognition incidents have the poten- 
tial for greater numbers of persons to be involved, either 
through exposures or contamination; and, (b) in the case 
of serious systemic exposure, the prodromal phase and 
the latent phase may altogether be missed in the course of 
the patients’ presentation, leaving the clinician less time 
and less clinical data for anticipating the complications 
and prognosis. 


26. Medical Management of Radiation Incidents 293 


Prodrome Onset 


The time from radiation exposure to onset of the prodromal 
symptoms is one of the most useful pieces of clinical infor- 
mation. The onset of prodromal symptoms corresponds 
to the severity of systemic illness. The more rapid the 
onset of prodromal symptoms, the shorter the latent pe- 
riod and the more severe the period of manifest illness in 
the setting of systemic irradiation. The modified Union of 
Soviet Socialist Republics (USSR) Chernobyl triage table 
(see Table 33-3) graphically demonstrates the correlation 
of prodrome onset and exposure severity. The knowl- 
edge of the onset time of the prodrome is also useful in 
making triage decisions in the prehospital and hospital 
environment. 


Geometry of Exposure 
Partial- or Total-Body Exposure 


Geometry is a significant factor in the course of radiation 
exposure. Uniform whole-body exposure is the most po- 
tent geometry of exposure. Partial-body exposures have 
less potential for lethality than do total-body exposures. 
Partial-body exposure, by definition, spares some portion 
of stem cells that are not affected by radiation, thereby 
allowing potential stem cell regeneration and prolifera- 
tion, particularly in the hematopoietic system. Even when 
total-body exposure is involved, the fact that radiation 
incident exposures are usually not uniform makes the 
survival of some fraction of stem cells possible, thereby 
enabling regeneration to some extent. Radiation incidents 
rarely involve uniform total-body exposure, which is the 
most lethal geometry. 


Prompt Doses versus Fractionated 
or Protracted Doses 


A prompt dose of radiation indicates that the radiation dose 
received by the casualty was essentially all at one time. 
A fractionated (or protracted) dose indicates that the ra- 
diation was received intermittently over a variable period 
of time. Radiation doses in radiation incidents should 
be expressed in terms of prompt doses for comparison 
purposes. When numerically added, fractionated doses 
have substantially less biological effect than the equiva- 
lent prompt dose. Fractionated doses may be converted 
to a specific prompt dose equivalent by means of the Ellis 
formula. In addition, fractionated doses may be clinically 
converted to an approximate prompt dose equivalent by 
dividing the total dose by a factor of 2 or 3. An example of 
the difference between prompt and protracted doses may 
be seen by looking at the changes in doses required to 
develop prodromal symptoms. 

The Ellis formula for dose fractionation is: 

Total dose = NSD x N0:24 72-1! 


) TABLE 26-3 If Contamination is Discovered Inside 
the Emergency Department 


If contamination is discovered after the patient has arrived: 
Continue medical care 
Secure victim and provider operation areas 
No one leaves until cleared by the radiation safety officer 
Establish control lines (perimeter) and prevent contamination 
spread 
Assess patient and contamination 
Assess and mark contaminated areas 
Personnel should 
Remove contaminated clothing before leaving 
Shower and dress in clean clothes before leaving 
Resurvey before leaving the area 


where the total dose is in rads; NSD represents the 
nominal single dose; N, the number of fractions; and T, 
the time in days (number of hours/24). 


PREHOSPITAL IMPACT 
AND CONSIDERATIONS 


Contamination and Medical Issues 


Rescue and medical issues typically take priority over ra- 
diation contamination issues. Emergency medical service 
(EMS) field radioactive decontamination should be lim- 
ited to the removal of the victim’s clothes and shoes and 
then wrapping the victim in two or three bedsheets. A 
hair cover may be placed as necessary. Most EMS units 
will not possess radiation survey equipment, but EMS 
supervisory personnel should be trained in the use of a 
radiation survey meter. Prehospital personnel should be 
detained at a radiation checkpoint outside the hospital 
and should be surveyed to check for the possibility of 
cross-contamination unless they are urgently needed back 
at the same incident site. As with other HazMat incidents, 
hot, warm, and cold zones should be established for the 
decontamination process (Fig. 26-4). 

If one is confronting chemical contamination or mixed 
(radiation and chemical) contamination, then the more 
serious contamination should take priority. Chemicals 
that may cause severe injury, such as organophosphates, 
caustics, corrosives, or acids, should receive immediate 
decontamination. Metallic sodium is occasionally found 
in conjunction with some radionuclides, and this element 
should not be exposed to air or water in decontamination 
attempts. 


Terrorism Issues 


Terrorism events evoke the following special considera- 
tions: (a) the potential threat of secondary devices exists, 
(b) the incident site is closed for evidence collection, and 
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FIGURE 26-4. Zones in a radiation emergency area. 


(c) the mode of radioactive dispersal that may be used by 
the terrorists varies widely. These considerations are dis- 
cussed in more detail in following portions of this chapter: 


1. The potential threat of secondary devices dictates 
that casualty rescue takes priority over medical care. 
Casualties should be evacuated to a safe casualty 
collection point (CCP) within a designated security 
zone while a sweep for secondary devices is being 
done. The minimum safe distance may be quite remote, 
so casualties may need vehicular transport to the 
CCP. 

2. Security zones set up by investigative agencies such as 
the Federal Bureau of Investigation (FBI) and the police 
tend to be larger than would be expected for most other 
HazMat incidents for reasons of security, population 
protection, and evidence collection. Therefore, law en- 
forcement officials will have significant concerns for ev- 
idence preservation, particularly in fatality cases, espe- 
cially of shrapnel and with clothing removal. The secu- 
rity zone becomes the boundary of a de facto hot zone. 
As stated earlier, the initial CCP would be designated 
within the security zone, as Fig. 26-5 demonstrates. 


Mass Casualty Incident Issues 


Some prehospital services have as their guiding princi- 
ple that all casualties remain at the scene until they are 
decontaminated. Several practical problems are found 
with this doctrine. Many of the casualties at a mass ca- 
sualty incident (MCI) will self-rescue initially, and they 
will develop an improvised leadership before an agency 
response occurs. Self-rescued patients typically arrive at 
the hospital nearest to the disaster site (the geographical 
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FIGURE 26-5. Modification of hazardous materials response 


in a suspected terrorism incident. Abbreviation: CCP, casualty 
collection point; EMS, emergency medical service. (From 
Mettler FA, Kelsey CA, Ricks RC, eds. Medical management of 
radiation accidents. Boca Raton, FL: CRC Press, 1990:72, with 
permission.) 


phenomenon), and they may not be recognized as contam- 
inated. Response planners should take this behavior at the 
site into account in the process of disaster management 
planning. 


National Agency Notification 


If an event occurs in a nonprivate corporation, national 
agencies should be notified. State radiation health depart- 
ments or their equivalent agencies will be helpful in giving 
guidance about which agencies need to be notified. The 
Nuclear Regulatory Commission (NRC) regulates nuclear 
reactor use and nuclear by-product material (which is fre- 
quently used in hospital environments). The Department 
of Energy (DOE) is responsible for national radiation re- 
search facilities, and it is the actual owner of nuclear 
weapons in the nuclear arsenal. The Department of De- 
fense (DOD) is the user of nuclear weapons. The National 
Aeronautics and Space Administration (NASA) is respon- 
sible for their research vehicles and projects. If evidence of 
criminal or terrorist acts is found, the FBI is responsible 
for locating any nuclear material, weapons, or devices and 
restoring these nuclear facilities to their rightful custodi- 
ans; therefore it enjoys a special position in the response. 
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The response of national assets is guided by the Federal 
Radiological Emergency Response Plan (FRERP). 


EMERGENCY DEPARTMENT IMPACT 
AND CONSIDERATIONS 


Triage 


At the hospital, medical stability takes precedence over all 
other issues. A patient will not expire immediately because 
of radiation exposure issues, but delay in addressing other 
medical issues, such as airway or shock, could cause either 
increased morbidity or mortality. Medical issues should 
never be compromised in a radiation incident. In reality, 
radiation incident casualties may initially be approached 
in much the same way as any trauma response with 
standard (universal) precautions. 


Conventional Trauma 


Conventional trauma is a significant factor in determin- 
ing the order of medical treatment. ATLS protocols take 
precedence over radiological issues. Triaging schemes for 
nuclear detonation casualties take into account the de- 
gree of conventional trauma and the systemic radiation 
exposure, as this combination is synergistic in causing 
increased morbidity and mortality. In individuals, the tim- 
ing of surgery may be dictated by the presence of systemic 
radiation exposure. In the face of significant systemic ra- 
diation exposure, life-saving surgery should occur within 
36 to 48 hours, while other elective surgery should take 
place after hematopoietic recovery, approximately 45 to 
60 days later (7). 


External Contamination 


One of the first radiological considerations is whether 
the patient is externally contaminated. If so, emergency 
personnel must deal with the potential of contamination 
spread and must devise some sort of plan for personal pro- 
tective gear and contamination control. This response plan 
may be either extremely simplistic or very sophisticated, 
depending on the type of hazard encountered. A radioac- 
tive contaminant can be clinically conceptualized to have 
many of the properties of dirt in its ability to be spread by 
airborne routes and its potential for cross-contamination 
among hospital personnel. 


Systemic Radiation Exposure 


Personnel should understand that irradiation alone will 
not result in contamination and that no personnel pro- 
tective measures need be taken if the patient has only 
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FIGURE 26-6. Andrews nomogram. The schematic relation- 
ships between lymphocyte levels and radiation dose are conveyed 
by this graph. (From Andrews GA, Auxier JA, Lushbaugh CC. 
The importance of dosimetry to the medical management of per- 
sons accidentally exposed to high levels of ionizing radiation. In: 
International Atomic Energy Agency. Personnel dosimetry for ra- 
diation accidents. Vienna: International Atomic Energy Agency, 
1965:13, with permission.) 


been irradiated. Time to onset of prodromal symptoms 
is paramount in the determination of whether a patient 
has sustained significant systemic exposure. The modified 
USSR classification is useful in the initial classification 
of systemically irradiated patients. The Andrews nomo- 
gram verifies the presence of hematologically significant 
systemic radiation exposure by following the absolute 
lymphocyte count over several days (Fig. 26-6). There- 
fore, those with psychogenic prodromal symptoms can be 
screened out over time. 


Radiation Emergency Area Preparation 


The radiation emergency area (REA) is an indoor or 
outdoor ad hoc area that has been designated for treatment 
of radiation incident casualties. In choosing this location, 
consideration should be given to the preservation of the 
regular life-saving functions of the ED while still enabling 
the availability of critical care equipment to the REA, if 
the equipment becomes necessary. EDs with advanced 
designs have an alternate entrance to a closed-off, low- 
traffic corridor with extra space that can be used as an 
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REA. This corridor should have access to electrical povver, 
oxygen, suction, air, monitoring support, and informatics, 
should any of these capabilities becomes necessary. 

Access to the REA should be easy to control, should re- 
quire minimal extra personnel, and should have someone 
who is equipped to perform radiation surveys on person- 
nel with a need to ingress or egress. The floor of the REA 
may be prepared by placing mats or absorbable paper and 
taping them to the floor. Absorbable paper makes areas of 
potential liquid contamination easier to see, and cleaning 
the REA becomes significantly easier. Equipment and sup- 
plies within the REA may be covered with taped bedsheets 
or plastic sheeting to ensure that important equipment is 
not compromised by contamination. 


Personnel Needs 


A radiation incident response, similar to any other trauma 
code or cardiac arrest, requires significant additional hu- 
man resources. Ideally, personnel should be assigned and 
dedicated to the response. On-duty personnel might be 
assigned to radiation response activities, while additional 
personnel are called in for an expected duty period of 
1 to 4 hours. The number of personnel assigned will 
depend on the actual resources that are available. Six per- 
sonnel should be sufficient to deal with a real radiation 
decontamination effort involving one casualty requiring 
assisted decontamination. Additional recommended per- 
sonnel comprising the radiological emergency response 
team (RERT) include the following; 


m Team Coordinator: Leads, advises, and coordinates 
the actions of the RERT 

m Emergency Physician: Provides diagnosis and emer- 
gency medical care for casualties (may also serve as the 
team coordinator or triage officer) 

m Triage Officer: Performs the triage of casualties 

m Emergency Nurse: Assists the physician, collects radi- 
ological specimens, assesses casualty needs 

m Technical Recorder: Records and documents medical 
and radiological data on casualties 

m Radiation Safety Officer: Supervises all aspects of 
monitoring and contamination control 

m Radiation Safety Personnel: Monitor the casualty area 
and advises on contamination and exposure control 
issues, maintains the survey equipment 

m Public Information Officer: Releases information re- 
garding the incident to the public and the media 

m Hospital Administrator: Coordinates the hospital re- 
sponse and assures continued hospital function and 
resource availability 

m Security Personnel: Secure the REA, control access 
and egress to the hospital, and control the crowd 

m Maintenance Personnel: Assist in creating and main- 
taining the REA and other basic facility functions 
needed during the response 


m Laboratory Technician: Provides routine clinical anal- 
ysis of biological samples 


The early arrival of a medical or health physicist in 
a response can assist immeasurably with data gathering, 
determining the specific radionuclides and amount in- 
volved, and establishing the mechanism of the accident 
or incident. The health physicist can assist with the safe 
disposal of radionuclide waste and can definitively de- 
lineate contaminated areas in the ED. They can aid in 
the collection of patient samples documenting contami- 
nation. Moreover, the health physicist can generate initial 
dose estimates that establish the upper bound of a max- 
imum credible event. Health physicists may be affiliated 
with the radiation shipper, state radiation health depart- 
ment, or another agency. The most helpful person will be 
the health or medical physicist affiliated with the hospital. 

Incorporating environmental and security services to 
assist with REA preparation, casualty, and family traffic 
flow are vital as in other disasters. If the hospital has a 
sizable, active, and engaged security force, this service 
may be enlisted to do the following: 


m Provide enhanced security for the hospital, especially if 
high traffic flow is anticipated 

m Intercept any potentially contaminated casualties be- 
fore they contaminate the interior of the hospital 

m Assume the responsibility of setting up external de- 
contamination areas and ad hoc casualty processing 
patterns 

m Supply direct assistance with gross decontamination 


RADIATION CONTAMINATION ISSUES 


External Contamination 


Isolation of contamination is an important concept and 
option for health care providers. Any potentially contami- 
nated body area (except the head!) may be isolated by cov- 
ering and taping the contaminated area. The use of plastic 
bags or plastic absorbent liners (chux or “blue pads”) 
greatly decreases the opportunity for cross-contamination. 
Once patient stability is assured, the isolated body area 
may be opened and decontaminated. Contaminated areas 
of the facility may also be isolated to mitigate cross- 
contamination. For example, any contamination of walls, 
floors, or equipment may be isolated by covering with 
plastic sheeting, chux, or bedsheets, and then taping. The 
same principle can also be applied to ground and air 
ambulances. Most of the equipment needed to perform de- 
contamination is basic, low-technology equipment. Many 
HazMat doctrines do not allow for indoor decontamina- 
tion, saying that this technique is never desirable. Radi- 
ation medicine doctrine, on the other hand, has always 
maintained that indoor decontamination is the preferred 
standard of care, particularly if the patient is not medi- 
cally stable. This doctrinal conflict may be confusing for 
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those who are unfamiliar with the concept of all-hazards 
decontamination. 

Outdoor decontamination is expedient and advisable 
when the casualties are awake, alert, and communicative, 
and they have minimal conventional injuries. Casualties 
who have altered mental status, obvious major external 
injuries, or unstable vital signs should be stabilized in- 
doors and undergo definitive decontamination inside the 
hospital. 

In the event of a sizable multiple casualty incident, 
contaminated patients will self-rescue and arrive unan- 
nounced at the ED registration desk, despite the most 
carefully executed plan. In hazardous material incident 
history, this scenario is the rule rather than the excep- 
tion. Therefore, a hospital must have contingency plans 
for radiation incident casualty management both inside 
and outside the hospital. 


Wound Decontamination 


Open wounds should be decontaminated first because 
such wounds provide obvious avenues for further inter- 
nal contamination. Also, they may have some potential 
for obscuring radioactive foreign bodies that should be 
removed first to mitigate accumulated radiation expo- 
sure. Any contaminated tissue should be debrided as in 
any conventionally contaminated wound; however, exu- 
berance should be avoided in debridement. Leaving some 
radiation-contaminated tissue in a given wound may be 
prudent if the alternative is to cause either disfigurement 
or disability. 


Preservation of Intact Skin 


Intact skin forms a formidable barrier to radioactive con- 
tamination. Consequently, intact skin should be preserved. 
Contamination studies comparing various types of skin 
insult versus intact skin underscore the importance of 
preserving intact skin. Formerly recommended techniques 
that worked as superficial desquamating agents, such as 
household bleach (sodium hypochlorite), potassium per- 
manganate, and tape stripping, are now discouraged as 
initial techniques, but should still be available within the 
clinician’s armamentarium. 

The process of decontamination is usually a multistep 
process in which contamination is progressively removed. 
Multiple gentle techniques will preserve intact skin, and 
therefore they are preferred over isolated aggressive 
techniques. The use of multiple gentle techniques may 
take place over several days as necessary. A patient may 
be decontaminated during the day, and the remaining 
areas should be isolated with a rubber glove or plastic 
bag overnight. The process of overnight perspiration will 
lessen the contamination. The patient can then be brought 
back the next day for another decontamination attempt. 


PRINCIPLES OF TIME, DISTANCE, 
SHIELDING, AND QUANTITY 


The basic HP principles of time, distance, shielding, 
and quantity should be used to minimize radiation 
exposure. Time spent within the REA in which radiation 
is present should be minimized. In the unlikely event of 
higher radiation levels (100 mrem per hour or higher 
at standard patient care distances), personnel rotation 
may be employed. Distance from radiation sources should 
be maximized, except when the clinician is providing 
direct patient care. Shielding is rarely of use in radiation 
incident response because the commonly used radiation 
shields provide no significant protection against gamma 
radiation. The quantity of radiation can be reduced by 
removing contaminated fluids and trash from the REA 
as it accumulates. Constant removal of contaminated 
trash can reduce the ambient background radiation that 
tends to increase somewhat from the contaminated waste 
produced, as decontamination progresses. 


MIXED CONTAMINATION 


Mixed contamination occasionally occurs, particularly 
when some radionuclides are dissolved in a solvent, 
frequently acid solutions. Conceivably, this could also 
occur when a biological contaminant is combined with 
a radionuclide, a situation that is much less likely. In 
instances in which mixed contamination occurs, the 
clinician must rapidly determine which is the more life- 
threatening toxin and must focus treatment toward the 
more severe toxin. Once the more severe toxin receives 
emergent treatment, attention can be focused on dealing 
with the next toxin. 


DECONTAMINATION TECHNIQUES 


Survey Techniques 


The casualty should be first surveyed by a provider 
functioning as an HP technician who takes an initial 
total-body survey. The results should be recorded on a 
human figure diagram such as demonstrated in Fig. 26-7. 
Background radiation counts should be taken initially and 
periodically, as decontamination progresses. Suggested 
guidelines for survey are as follows: 


m Cover the pancake probe with a glove before beginning 
the survey. This will not allow alpha radiation detection, 
but it will prevent the probe from being contaminated. 
In one case of an altered and combative patient, six 
probes were contaminated in the course of care. Most 
hospitals have only one probe available for each survey 
meter. Once the patient is determined to be cooperative 
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NAME 


DATE 


FIGURE 26-7. Sample human 
figure diagram for recording levels 
of contamination. 


and that a low probability of contaminating the probe 
exists, the glove may be removed to check for alpha 
contamination. 

m The survey probe should be held approximately 1 in 
away from the skin and should be moved no faster than 
1 in per second. 

m The patient should hold his or her extremities in an 
abducted fashion from the body, so that less confusion 
will exist as to where contamination might be located 
and also a methodical technique of survey can be used 
in such a manner that the patient’s entire body will be 
covered (Fig. 26-8). 


Plan of Decontamination 


After the contaminated areas are identified, they should 
be prioritized and a methodical plan developed for de- 
contamination. If the casualties are ambulatory, con- 
sideration should be given to allowing them to shower 
themselves. Self-decontamination is more rapid than as- 
sisted decontamination and is far less labor-intensive. 


TIME SURVEYED 


SURVEY INSTRUMENTATION USED 


Self-decontamination should be considered an initial step 
in the overall decontamination process of radiation casu- 
alties. 

If the casualty is nonambulatory or has other significant 
trauma, assisted decontamination will be necessary. If the 
casualty has numerous contaminated body areas, a single 
site should be selected and the other areas isolated for 
later decontamination to minimize the opportunity for 
cross-contamination. 

The health care provider should consider using dry 
removal or waterless cleansers (e.g., Gojo) before pro- 
ceeding with water decontamination. Omitting this step 
may delay the decontamination process unnecessarily. 
The efficiency of dry removal ranges from 30% to 80% and 
it can be performed by practically anyone, as it requires 
minimal training. Dry removal techniques usually consist 
of beating, brushing, and vacuuming (8). Decontamination 
of open wounds should take place before that of contam- 
inated areas of intact skin. Debridement should be fairly 
similar to techniques used for routine debridement. Tiny 
amounts of radionuclide contamination will likely remain 
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The follovving procedures are 
recommended for personnel monitoring: 


1. Have the person stand on a clean pad 


2. Instruct the person to stand straight, 
feet spread slightly, arms extended 
vvith palms up and fingers straight out 


3. Monitor both hands and forearms to 
the elbow with palms up, then repeat 
with hands and arms turned over 


4. Starting at the top of the head, 

cover the entire front of the body, (+ 
monitoring carefully the forehead, 

nose, mouth, neckline, torso, 


knees and ankles JN, 


5. Have the person turn around, and 
repeat the survey on the back of the body 


6. Monitor the soles of the feet 


FIGURE 26-8. Personnel monitoring. (From Radiation Emer- 
gency Assistance Center/Training Site training material. Oak 
Ridge, TN: Oak Ridge Associated Universities, with permission.) 


after debridement, but wound closure should still be per- 
formed. If, however, contamination is more than these 
expected tiny quantities, consideration should be given 
to leaving the wounds open for delayed primary closure 
4 days later. This procedure may allow the further elimi- 
nation of radionuclide, either through the transudation of 
fluid from tissues or with later debridement efforts. 


When to Discontinue Decontamination 


Clinicians may wonder when decontamination efforts 
should cease. Frequently, not all contamination can be 
removed. The cessation of decontamination efforts should 
be considered when no additional contamination comes 
off with the next effort. If National Council for Radiation 
Protection and Measurements (NCRP) guidelines for 
patient decontamination have been achieved, then the 
decontamination efforts may cease. The NCRP no. 65 
guidelines state that, from a practical standpoint, cleaning 
more than the following is difficult (9): 


m 1,000 transformations (formerly disintegrations) per 
minute using an alpha radiation (air proportional) 
counter with a 60 cm? window 

m 1 mrem per hour of beta radiation 

m A quantity that amounts to less than 15 rem per year to 
the skin 


Other guidelines have been published by agencies 
such as the DOE for their own radiation workers and 
naval reactor workers (BUMED [Bureau of Medicine and 
Surgery] guidelines), so one might encounter guidelines 
other than those recommended by the NCRP. 

If the previous guidelines have not been met and no 
further contamination is removed with additional efforts, 
consideration should be given for the need to switch to an- 
other technique or cease decontamination efforts for this 
session. The involved body portion may be isolated, if nec- 
essary, and decontamination efforts may be scheduled for 
the next day. Decontamination efforts may be enhanced 
by the process of perspiration, and measured radiation 
levels may be significantly lowered by perspiration alone. 
One should remember that skin surfaces will completely 
desquamate over a period of approximately 2 weeks, leav- 
ing the skin essentially noncontaminated at that point. 
Table 26-3 lists actions in the event that contamination is 
discovered after receiving a casualty at the hospital. 


Management of Radioactive Wastes 


For radiation emergency planning, one should be aware 
that the hospital nuclear medicine license allows the dis- 
posal of a specified amount of radioactive waste into 
the sewer system. For radioactive decontamination events, 
the dilution has been calculated to have the effect of keep- 
ing radioactive contaminants to levels that will not cause 
significant health repercussions. Keeping contaminated 
runoff in a storage tank that can be emptied by alter- 
nate methods, particularly for long-lived radionuclides, is 
preferable, but it is not required. The local jurisdiction 
should be notified when a contamination event involving 
potentially radioactive runoff has occurred. 

If the waste is collected in a storage tank, the quantity 
of waste can be greatly reduced by evaporating away 
the liquids. When dealing with mixed waste, such as 
a combination of a biological and radiation waste, 
converting this combined waste into a single type of waste 
that can be disposed of more easily is useful. 

In radiation events, the owner of the radioactive ma- 
terial is responsible for the radionuclide removal costs 
and its ultimate disposal. The owner should be contacted 
by hospital administration or municipal authorities early 
in the process to ensure that appropriate financial ar- 
rangements are made. If the radioactive material is in 
the process of being transported, the shipper assumes the 
prime financial responsibility for cleanup. 


SYSTEMIC IRRADIATION ISSUES 


Precise measurements of radiation exposure take consid- 
erable time (days or weeks), and they will not occur in 
the timely fashion required by the emergency physician. 
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Estimates of radiation exposure may be available, de- 
pending on the type of exposure that is alleged to have 
occurred. Internal contamination estimates are very dif- 
ficult to obtain, and, therefore, will take the longest. 
However, practical clinical estimation of systemic radi- 
ation exposure is simple. As noted previously, the first 
screening tool for the estimation of severity of radiation 
exposure can be deduced by the time to onset of the pro- 
dromal symptoms of nausea, vomiting, and diarrhea. The 
shorter the time of onset from the time of exposure, the 
more significant the exposure is. 

The modified USSR classification of radiation exposure, 
which takes time to prodrome into account, may be of great 
value to the emergency physician. This screening tool may 
also be used to screen those who are susceptible to psy- 
chogenic suggestion. Serial absolute lymphocyte counts 
plotted on the Andrews nomogram will verify the presence 
of systemic exposure. These plots may be used over time 
to screen out those affected by psychogenic vomiting. This 
clinical determination of systemic exposure forecasts the 
degree of hematopoietic impairment. Estimate of radiation 
injury to other organ systems, such as the pulmonary, gas- 
trointestinal (GI), and musculocutaneous systems, may be 
made with more precise dose estimates at a later time after 
the casualty has been admitted. The admitting physician 
can anticipate additional organ involvement by these dose 
estimates (Table 26-4). In cases of delayed recognition of a 
radiation event, the patient commonly presents during the 
period of manifest illness, which affords the clinician no 
opportunity to witness the prodrome onset, and therefore 
important clinical lead time is lost. 


The Acute Radiation Syndrome 


The acute radiation syndrome (ARS) is a well-defined set 
of effects syndromically representing the effect of whole- 
body radiation on the human. ARS progresses through the 
following four distinct phases: 


m Prodromal Phase: Prodromal symptoms classically 
consist of nausea, vomiting, and diarrhea. Prodromal 
symptoms are thought to be mediated by an inflamma- 
tory response after radiation insult and by parasympa- 
thetic pathways. Other symptoms may include severe 
abdominal pain, eye burning, and fever, particularly 
with high-dose exposure. 

m Latent Phase: After prodromal symptoms, the patient 
will experience a period of relative well-being, particu- 
larly after sublethal radiation exposure. This is a period 
in which inflammatory effects are relatively quiescent 
and mature cells remain. During this period, however, 
the replacement of mature cells is impaired, and it will 
not be sufficient to restore the number of mature cells 
to the level of the human’s needs. 

m Manifest Phase: In this period, the cellular deficits 
make themselves known. In the case of skin, no further 
skin cells replace the mature layers, and the mature 
cells slough off naturally, revealing the atrophic der- 
mal elements lying underneath. Endothelial cells of the 
microvasculature may not be replaced, causing dam- 
aged, leaky blood vessels. Other constantly renewing 
cell lines, such as the GI mucosa and the hematopoi- 
etic cells, develop deficits in certain cellular elements, 


D TABLE 26-4 Summary of Threshold Radiation Effects 


Acute Radiation Effects 


Lethal bone marrow syndrome (minimal care) 
Lethal bone marrow syndrome (supportive care) 
Lethal pulmonary syndrome 

Lethal gastrointestinal syndrome 

Skin erythema 

Transepithelial injury 

Ovulation suppression 

Two-year sperm suppression 

Small infant head size 

Severe mental retardation (all gestational ages) 
Severe mental retardation (8—15 wk gestation) 
Severe mental retardation (16—25 wk gestation) 
Embryolethality (embryonic age 0-18 d) 
Embryolethality (embryonic age 18—150 d) 
Cataracts 

Acute radiation thyroiditis 


Abbreviation: Dso, effective 50% dose. 


Threshold Gy (rads) Dso Gy (rads) 
1.5 (150) 3.0 (300) 
2.3 (230) 4.5 (450) 

5 (500) 10 (1,000) 
8 (800) 15 (1,500) 
3 (300) 6 (600) 

10 (1,000) 20 (2,000) 
0.6 (60) 3.5 (350) 
0.3 (30) 0.7 (70) 
0.05 (5) 0.73 (73) 

4.1 (410) 

1.5 (150) 

7.1 (710) 

0.1 (10) 1 (100) 

0.4 (40) 1.5 (150) 

1 (100) 3.1 (310) 
200 (20,000) 1,200 (120,000) 


From NUREG/CR-4214. Health effects models for nuclear power plant accident consequence analysis: low LET 
radiation. Part II. Scientific bases for health effects models. Bethesda, MD: U.S. Nuclear Regulatory Commission, 


1989, with permission. 
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causing special subsyndromes. Fibrosis of the involved 
area(s) may begin at any of several different rates. 

m Recovery/Death Phase: After a time, the stem cells may 
recover somewhat and may mount a proliferative re- 
sponse such that the human deficits in these cellular 
elements are reduced. If this process is successful such 
that no life-threatening infection or no critical organ 
failure develops, then survival is ensured. Otherwise, 
the organism dies. 


SYSTEMIC RADIATION ILLNESS 


Systemic radiation illness can be divided into a number of 
components that occur with certain geometry and certain 
radiation doses. A summary table of the deterministic 
effects on selected organs is found in Table 26-4. 


Hematopoietic Component 


One of the earliest systems affected by radiation exposure 
is the hematopoietic system. Hematopoietic depression 
begins to appear with doses of 0.25 Gy (25 rads), and 
depression is usually maximized around 6 Gy (600 rads). 
With severe doses, a sharp spike in the neutrophil 
count is observed that is followed by a precipitous fall 
to neutropenic levels. After several days, an abortive 
rise in the neutrophil count is seen, and the true 
nadir in neutrophils occurs in approximately 15 days. 
Lymphocytes are suddenly and precipitously depressed 
after 48 hours, as they are one of the most radiation- 
sensitive cells in the body. Thrombocytes reach their nadir 
in 30 days with a moderate dose of radiation and in 15 days 
with severe doses. Levels of mature erythrocytes (which 
lack a nucleus and have a lifetime of 120 days) decrease 
more slowly (Fig. 26-9). 
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Immunocompromise from systemic irradiation is 
somewhat different from the usual immunocompromise 
encountered by the emergency physician, which usually 
results from patients with primarily impaired lympho- 
cyte function. In addition to having impaired lymphocyte 
function, systemically irradiated patients may also be 
neutropenic. Neutropenia from radiation overexposure 
is a potentially life-threatening condition and should be 
treated the same as any other type of neutropenia. Casual- 
ties with an absolute neutrophil count of 1,000 to 500 cells 
per mm? sustain a slight risk for life-threatening infection, 
while patients with 500 to 100 cells per mm? represent a 
moderate risk; patients with less than 100 cells per mm? 
are at high risk for developing a life-threatening infection. 
The emergency physician is unlikely to see casualties im- 
munocompromised to this level, except for the case of a 
delayed recognition radiation incident. 

Casualties with neutropenia should be treated with 
antibiotics for both gram-negative and gram-positive 
organisms. The inflammatory response in these patients 
may be muted. Low-risk patients may be treated with oral 
antibiotics, while high-risk patients should only receive 
parenteral antibiotics. Enthusiasm for prophylaxis with 
oral antibiotics in the asymptomatic, neutropenic casualty 
should be tempered by the possibility of the emergence 
of resistant bacteria. Vancomycin should be considered in 
symptomatic, nonresponsive casualties. Amphotericin B 
should be considered if a casualty remains febrile longer 
than 5 to 7 days during treatment with antibiotics. 


Gastrointestinal Component 


The GI threshold for clinical injury begins at approxi- 
mately 6 Gy (600 rads), in which a significant inflamma- 
tory response occurs, and culminates in the desquamation 


Neutrophils 


FIGURE 26-9. Typical hematopoietic ef- 
fects with radiation exposure of 300 rads 
(3 Gy). (Modified from Andrews GA, Aux- 
ier JA, Lushbaugh CC. The importance of 
dosimetry to the medical management of 
persons accidentally exposed to high lev- 
els of ionizing radiation. In: International 
Atomic Energy Agency. Personnel dosime- 
try for radiation accidents. Vienna: Interna- 
tional Atomic Energy Agency, 1965:9, with 
permission.) 


Platelets (x 105) 
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) TABLE 26-5 Dependence of Radiation Pneumonitis 
on Dose Rate for Formation 


Dose Rate (rad/hr) (Gy/hr) Threshold (rads) (Gy) 
5 (0.05) 31,000 (310) 
10 (0.1) 16,000 (160) 
50 (0.5) 4,000 (40) 
100 (1) 2,000 (20) 
1,000 (10) 700 (7) 
10,000 (100) 500 (5) 


From NUREG/CR-4214. Health effects models for nuclear power plant 
accident consequence analysis: low LET radiation. Part Il. Scientific 
bases for health effects models. Bethesda, MD: U.S. Nuclear Regulatory 
Commission, 1989, with permission. 


of the GI epithelial lining, thereby interfering with nutrient 
absorption. In addition, this provides a substantial avenue 
for life-threatening bacterial invasion. Venoocclusive liver 
disease occurs at doses that affect the GI epithelium, 
and increases in liver function test values will be ob- 
served. Complete sterilization of the entire GI epithelium 
is believed to occur around 15 Gy (1,500 rads). 


Pulmonary Component 


Pulmonary effects can be a significant cause of morbidity 
and mortality. An interstitial pneumonitis can develop; 
this seems to be worsened in cases of concomitant 
cytomegalovirus activation. The interstitial pneumonitis 
will give way to radiation fibrosis, which then develops 
varying times over months to a year after overexposure, 
depending on the severity of the absorbed dose. The 
dose-rate dependency of interstitial pneumonitis has been 
well documented, with prompt doses (doses that are 
delivered in a single, rapid rate) being more likely to 
develop radiation pneumonitis (Table 26-5). 


Musculocutaneous Component 


Changes begin to occur in hair follicles around 0.75 Gy 
(75 rads). Hair epilation will occur at 3 Gy (300 rads). 
Cutaneous erythema, which occurs at 6 Gy (600 rads), 
is wavelike, and it develops more rapidly with higher 
radiation doses. Desquamation effects, if they occur, 
tend to be observed after 2 weeks, which is the time 
required for mature skin cell elements to live out their 
normal lives. If the germinal layer of skin has been 
substantially damaged, no further replacement of skin 
cell elements can be generated. Desquamating lesions 
become evident as the older cells die and are not replaced. 
Dry desquamation occurs at 10 Gy (1,000 rads), and Wet 
desquamation occurs at 20 Gy (2,000 rads). Radionecrosis 
of deep tissue is evident at 30 Gy (3,000 rads). These 
numbers are important if amputation is under conside- 
ration. 


Neurovascular Component 


Neurovascular effects occur at extremely high doses of 
radiation. The weak link in the neurovascular tissues ap- 
pears to be located in the stromal and vascular elements, 
particularly the vascular endothelial cell lining. Therefore, 
the primary effects of radiation on the neurovascular tis- 
sue are due to microcirculatory abnormalities. Dramatic 
effects, such as early transient incapacitation (ETI—a pe- 
riod of unconsciousness), is thought to occur following 
supralethal doses of radiation. Gross central nervous sys- 
tem deficits may be witnessed after a short period of 
latency. Increased intercranial pressure occurs secondary 
to edema, and death can occur within 2 days in such 
cases (10). 


INTERNAL CONTAMINATION 


Principles of Decorporation 
Management 


The process of mitigating internal contamination is known 
as decorporation. The clinician should consider decorpo- 
ration treatment within hours of internal contamination. 
Treatment has the potential to reduce the amount of in- 
ternal contamination by a factor of 2 to 10. A useful 
concept for the clinician is to consider radiation exposure 
(particularly internal contamination) as they would any 
other toxin of the body. Adherence to the following set 
of dictums espoused by Kent Olson is useful in radiation 
casualty management : 


m Treat the patient before the poison 

m Prevent or reduce the exposure 

m Enhance the elimination of the agent 

m Consider specific adjuncts and antidotes 


The process of incorporation, or the internal uptake, of 
a given radionuclide, involves the following four general 
steps: 


1. Deposition of radionuclide along a route of entry 

2. Translocation (changing a given radioactive substance 
to a transportable mode) 

3. Deposition in a target organ (dependent on the 
chemical properties of the substance) 

4. Clearance (naturally occurs with routine metabolism) 


During this process, if interception of the radionu- 
clide is possible before the translocation step, a potential 
time window of enhanced therapeutic effectiveness exists 
before the radionuclide becomes converted to a bio- 
transportable form. If therapy is successful within this 
time frame, a large amount of the radionuclide might 
be prevented from reaching the target organ. There- 
fore, acting within this therapeutically enhanced time 
frame increases the clinical advantage. The Voelz diagram 
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İngestion Surface 


Inhalation 


Intake: 


Lung clearance 


Uptake: 


m (Recycle) 
| 


1. Whole body 
2. Bone 

3. Liver 

4. Thyroid 


Excretion: feces Urine 


FIGURE 26-10. Schematic model for internal contamination. 
(Based on the work of Voelz.) Abbreviation: GI, gastrointestinal. 


of internal contamination metabolism demonstrates the 
major compartments of the GI tract, lymph nodes, lung, 
and skin, into which radionuclides are deposited before 
they move to the blood compartment, where they are then 
considered translocatable (Fig. 26-10). 

The next step, while keeping the previous measures in 
mind, is to determine the magnitude of the exposure. In 
1992, a European consensus group derived the following 
criteria as a basis for taking therapeutic action. These 
criteria are derived from the occupational regulatory 
construct of the annual limit of intake (ALI) (i.e., the 
amount of radionuclide that a radiation worker is allowed 
to accumulate within the space of 1 year). Currently, 
no other scientific guidelines are used except those from 
this consensus group. A few response groups are basing 
their action levels on the obsolete concept of maximum 
permissible body burden, but this practice is being phased 
out. The action criteria from the 1992 consensus group is 
as follows (11): 


m Less than 1 ALI expected: no treatment necessary 
m 1 to 10 ALI: consider short-term therapy 
m Greater than 10 ALI: initiate therapy 


Treatment decisions should be based on the maximum 
credible exposure. The final dose estimate should be ex- 
pected to change dramatically over time, usually to lower 
levels and often by several magnitudes. Dose estimates for 
internal exposure are verified by obtaining periodic body 
fluid assays (e.g., urine, blood, or feces) over time. Internal 
dose estimates may take several months in optimal cir- 
cumstances. HP excretion models usually do not account 
for decorporation therapy. Occasional health physicists 
have even resisted the idea of decorporation therapy due 
to the introduction of uncontrolled variables into the in- 
ternal dose calculations. A few computer programs, such 
as PuChel, take into account plutonium excretion using di- 
ethylenetriamine pentaacetic acid (DTPA) therapy; some 


health physicists may not be aware of such programs. In 
these cases, the clinician will need to remind all involved 
that patient care comes first and that excretion models 
have a subordinate role. 

Consideration of radionuclide chemical solubility is of 
importance when making the decision to offer treatment 
to the casualty. Insoluble radionuclide forms may result 
in only a small fraction of radionuclide being converted 
to the translocatable form at any given time. As such, 
decorporation therapy may not be useful for casualties 
contaminated with these isotope forms. 

The biological half-life of a given radionuclide is also 
of importance in the consideration of whether to initiate 
decorporation therapy. Some radionuclides, such as plu- 
tonium, have long residence times in the body (in this case 
a biological half-life of 100 years), while other radionu- 
clides, such as tritium in the form of radioactive water, 
may have a biological half-life of only days. These factors 
with a few others used in internal dosimetry models help 
determine the committed radiation dose that would eventu- 
ally ensue over the lifetime of the individual. The effective 
half-life takes into consideration both biological half-life 
and the radiological half-life of a given radionuclide. It 
may be calculated by the following expression: 


T 1/ 2biological +T 17 2physical 


T Y effective = 
T 1/2 biological X T 1/2 physical 


The effective half-life is always less than the largest 
temporal term in the formula. 


General Routes of Internal 
Contamination 


According to George Poda, the “four Ts,” that must be 
remembered when considering routes of internal contam- 
ination are inhalation, ingestion, injection, and infiltration. 


Inhaled Contamination 


Inhalation is a common route of exposure, and the sol- 
ubility of the involved substance plays a great role in 
management of radiation contamination through this 
route. If solubility of the identified radionuclide(s) is low, 
chelating agents may be of negligible benefit as they only 
work well on agents in soluble form. Whole lung lavage 
under anesthesia has been identified as useful when high 
numbers of ALIs are involved. At best, lung lavage will 
remove approximately 50% of the radioactivity from the 
lungs (12,13). The real objective of lung lavage is to remove 
alveolar macrophages from the lung. Macrophages rapidly 
engulf (usually within 24 hours) particles deposited in the 
alveoli and alveolar ducts (14). Segmental lung lavage 
(performed without anesthesia; a much more common 
procedure) has not been investigated because of the rarity 
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of large exposures, and whether this technique has the po- 
tential for less morbidity and mortality remains to be seen. 


Ingested Contamination 


In the event of radionuclide ingestion, standard toxico- 
logical protocols should be considered. Although gastric 
lavage has fallen out of favor for most poisonous inges- 
tions, lavage may still be used if the ingestion is quite 
recent and the patient is highly motivated to remove ra- 
dioactive contamination. If radionuclides are in the form 
of simple salts as commonly occurs, activated charcoal 
will probably not be of any benefit. If the radionuclide is 
in the form of an insoluble compound, a purgative might 
be used to decrease GI transit time. However, purgative 
use may obscure the onset of GI symptoms as one of the 
factors associated with clinical radiation dose estimation. 
In addition, gastric lavage is invasive and has the potential 
to result in aspiration that could become devastating to 
the immunosuppressed radiation casualty. 


Injected Contamination 


Injection implies being stuck with a needle. This can and 
does happen in the laboratory, nuclear medicine depart- 
ment, or testing facilities, thereby causing radionuclide 
contamination within the puncture. Punctures are one of 
the most common industrial accidents and often occur on 
the pads of the finger. 


Infiltration 


Infiltration occurs through intact skin if radioactive iodine 
or tritium is placed on the skin. Potassium iodide (KI) 
is used to block the uptake of radioiodine. Forcing 
fluids, hot showers, or saunas to promote sweating and 
administering diuretics to help eliminate tritium are most 
often used for these types of contamination. However, 
abrasions, blisters, burns, rashes, or other conditions 
that violate the integrity of the skin allow infiltration to 
occur more rapidly. The same may be said for overzealous 
scrubbing of the skin (15). 


SPECIFIC RADIONUCLIDE 
MANAGEMENT 


Plutonium and Other Transuranic 
Elements 


Plutonium (Pu) and other TRU elements, such as ameri- 
cium, may be treated in a timely fashion with the 
chelating agent calcium-dieethylenetriamine pentaacetic 
acid (Ca-DTPA) and zinc-dieethylenetriamine pentaacetic 
acid (Zn-DTPA). Compound solubility is an impor- 
tant consideration when deciding to give DTPA. TRU 
compounds have a solubility that is precisely known, but 


they are also classified as D (solubility within days), W 
(solubility within weeks), or Y (solubility within years). 
The target organ for plutonium is the skeleton. The skele- 
tal half-life of plutonium is approximately 100 years. The 
lower the solubility, the less likely DTPA is to be effective. 
Given soluble TRU elements, Ca-DTPA is most effective 
when it is given within 1 hour of exposure. In the case of 
insoluble TRU elements, Ca-DTPA will be of minimal or 
uncertain benefit when it is given promptly. These facts 
have triggered significant debate as to when DTPA should 
be given. DTPA has a good safety profile with very few side 
effects, and its use should be considered when the solubil- 
ity of a TRU is uncertain. Ca-DTPA will give superior ex- 
cretion of TRU radionuclide when it is used initially, sub- 
sequent doses should make use of Zn-DTPA to prevent the 
bodily depletion of zinc. DTPA has been an investigational 
new drug for decades; it is available through the Radiation 
Emergency Assistance Center (REAC)/Training Site (TS). 


Radiocesium 


Radiocesium is commonly used in teletherapy sources 
and other radiation devices. Because cesium-137 (!37Cs) 
constitutes an important by-product of nuclear fission, it 
is the most commonly encountered cesium radioisotope. 
For this reason, it must be considered to be present in 
any fission event. Cesium can be considered a potassium 
analog, therefore it should be thought of as occupying the 
same body fluid compartments (mostly the interstitial 
fluid compartment). Therefore, as would be expected, 
muscle is the primary target organ for cesium. Cesium 
is eliminated quickly, with approximately 10% of the 
total systemic burden being cleared with a half-time of 
approximately 2 days; the remainder is lost with a half- 
time of 100 days (16). 

Insoluble Prussian blue, an ion exchanger, can be given 
orally to enhance cesium elimination in the feces. Insol- 
uble Prussian blue is not absorbed systemically. It binds 
cesium excreted in biliary secretions in the enterohepatic 
circulation. Insoluble Prussian blue was administered as 
10 g per day in divided doses in the Goiania radiation 
disaster with substantial clinical benefits. Side effects at 
higher doses are generally reported as GI upset and con- 
stipation; 30 g per day is not clinically tolerated. Insoluble 
Prussian blue is also available through REAC/TS. 


Radioiodine and Technetium-99m 


Radioiodine and technetium-99m radioiodine are most 
commonly encountered as iodine-125 and iodine-131. 
These are also important fission products that are rel- 
atively short lived (days). The great preponderance of 
radioiodine concentrates within the thyroid. Radiation- 
stable iodine given within a certain therapeutic window 
will saturate the iodine receptors and will block its further 
uptake. Iodine provides the best protection when given 
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) TABLE 26-6 World Health Organization-Recommended Single Dosage of Stable lodine 


According to Age Group 


Mass of lodine Mass of KI Mass of KIO} Fraction of 100-mg 


Age Group (mg) 
Adults and adolescents (>12 yr) 100 
Children (3-12 yr) 50 
Infants (1 mo-3 yr) 25 
Neonates (birth-1 mo) 12.5 


Abbreviation: KI, potassium iodide; KI03, potassium iodate. 


(mg) (mg) Tablet 
130 170 1 
65 85 T 
32 42 Vy 
16 21 İz 


From World Health Organization. Guidelines for iodine prophylaxis following nuclear accidents.Update 1999. Geneva: 


World Health Organization, 1999:11, with permission. 


prophylactically 1 hour before anticipated exposure. Once 
exposure to radioiodine has occurred, radiation-stable io- 
dine may have some efficacy up to 3 to 4 hours after 
exposure. Moreover, stable iodine may be of benefit days 
later after fallout or reactor release if skin contact with ra- 
dioiodine has not yet occurred. KI is the traditional form 
of iodine that is given, but it has a limited shelf life. The 
US government had been debating whether stockpiling 
KI would be useful; it finally agreed to subsidize the state 
procurement of KI. NCRP publication no. 65 recommends 
that KI, 300 mg, should be given daily for 7 to 14 days. 
The World Health Organization published a revision of 
its iodine prophylaxis guidelines in 1999; these appear in 
Table 26-6. The dermal application of povidone-iodine has 
been shown to be extremely effective in animals, and hu- 
man experiments should be performed to determine the 
dermal thyroid-blocking dose of povidone-iodine. Povi- 
done-iodine is a potentially superior alternative because 
it is available in sufficient quantities at all hospitals, it has 
a proven safety profile for skin contact, and it would not re- 
quire stockpiling and replenishment on an ongoing basis. 


Uranium 


Uranium is an actinide that constitutes one of the two 
common substrates for fission process. It is ubiquitous in 
the environment, and it has made headlines in times of 
armed conflict, as modern bullets, projectiles, and armor 
may all be made from depleted uranium. Longitudinal 
studies of those injured by uranium shrapnel have begun. 
Uranium is a common raw material, as well as a product 
of nuclear production facilities, and occupational expo- 
sure regularly occurs. Weapons-grade or highly enriched 
uranium contains greater than 90% of the uranium-235 
isotope. Many uranium compounds are created in the 
course of processing uranium, and many different acid 
solvents have the potential to be used. 

Uranium is rapidly removed from the blood into the 
tissues—25% remains in the blood at 5 minutes, 5% at 
24 hours, and 0.5% at 100 hours (17). Volunteers who 
were injected intravenously with uranyl nitrate typically 
demonstrated 65% uranium excretion in the urine within 


24 hours; an additional 10% was excreted over the next 
5 days (17). Within a few days, the kidneys and skeleton ac- 
counted for nearly all the remaining systemic content (17). 
The major source of uranium toxicity is renal toxicity ac- 
companied by the development of renal tubular acidosis 
and some degree of renal insufficiency. Alkalinization of 
the urine has been advocated for decades as a method for 
increasing the fraction of nontoxic, excretable, complexed 
uranium compounds by several magnitudes and, more im- 
portantly, for the degree of renal protection it affords. Un- 
der proper supervision, alkalinization of urine and potas- 
sium augmentation display low morbidity and mortality 
rates. Although no effective chelating agent is available 
for uranium (18), the practice of alkalinization of urine 
has recently been called into question (19). The author, 
however, advocates the use of alkalinization of urine by 
sodium bicarbonate and supplemental potassium chloride 
(KCl) in divided doses to achieve an alkaline pH of 7.5 to 8. 


Tritium 


Tritium is the primary substrate used in fusion reactions, 
and it is considered to be of great importance to the 
national defense. It is also a component of self-luminous 
watch dials, exit signs, and riflescopes. Tritium is currently 
processed in the United States, and occupational exposure 
commonly occurs. It is a weak beta-emitter whose half-life 
is relatively short. Most forms of absorbed tritium occur as 
a water form. Inhaled tritium gas is less toxic. Historically, 
tritium has been used as an instrument of corporate 
terrorism. Treatment is directed toward increasing the 
turnover of free water by increasing water intake. NCRP 
publication no. 65 recommends increasing fluid intake to 
3 to 4 L per day to reduce residence time to one-third to 
one-half of the usual values (20). 


RADIOACTIVE FOREIGN BODY 
MANAGEMENT 


Embedded foreign bodies may have potential to be signif- 
icant radiation sources in their own right. Early exami- 
nation of wounds that contain foreign bodies will quickly 
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determine any additional radiation hazard that the foreign 
body possesses. If a foreign body is found to be signifi- 
cantly more radioactive (i.e., exposure rates are in terms of 
rem per hour instead of mrem per hour), then the foreign 
body should be manipulated only with instruments and 
not vvith the hands as much as possible. 


OVEREXPOSURE 


Overexposure signifies additional, unintended exposure 
(usually over the regulatory levels) that does not have 
any immediate threshold (deterministic) effects. Overex- 
posures may create an increased risk of developing cancer 
later in life, depending on the nature of the exposure. 


RADIATION EXPOSURE COUNSELING 


After an exposure, a casualty may be worried about the 
future chances of getting cancer. Therefore, counseling 
on this subject will be required at some point in time 
following the radiation event. This may be most effectively 
conducted by an occupational physician who deals with 
radiation, a nuclear medicine physician, or a radiation 
oncologist. The casualty will need to understand that the 
background cancer rate for a cancer occurring sometime 
in life is approximately 25%. Precise doses will not be 
known at the time of the incident, so estimates may be 
initially used to provide a framework for the clinician to 
act. As the dose estimate is refined over time, it frequently 
changes by a magnitude or two (usually down in dose). 
Several months may pass before the physician and the 
casualty receive a final dose estimate, particularly in cases 
of internal contamination. 

These long-term estimates are generally extrapolations 
based on the dose estimates of the Hiroshima and 
Nagasaki bombing survivors and the observations of 
the long-term effects on these individuals. The basic 
assumptions used to derive these estimates often change 
from time to time. The Hiroshima and Nagasaki dosimetry 
estimates were created in 1965 and were first revised in 
1986. Another revision of the Hiroshima and Nagasaki 
bombing dosimetry is being contemplated currently. This 
new dose estimation will likely change radiation risk 
predictions yet again. 


SPECIFIC PLANNING POINTS 
FOR RADIATION DISASTERS 


Health Physics Expertise 


A health or medical physicist is commonly assigned to 
the hospital for the purpose of maintaining radiation 
hygiene programs for equipment and personnel. Such 


a physicist should be included in the development of 
radiation response plans. These plans should identify 
this individual and include means for consulting a health 
physicist, in the event of a possible radiation incident. This 
is the crux of the entire chapter as the health physicist is 
familiar with a number of other resources that will assist 
the clinician in the event of a possible radiation accident. 


Decontamination Issues 


Some hospitals assume that prehospital providers (fire 
departments and EMSs) will decontaminate all casualties 
before their arrival to the ED. Some fire and EMS 
departments have this doctrine as their standard policy; 
however, studies show that in any incident scene, survivors 
self-extricate and improvise a response (see Chapters 1 
and 27). These casualties usually present to the nearest 
hospital regardless of its capability. Therefore, it is not 
reasonable for any hospital to labor under the expectation 
that they will never receive contaminated casualties. 


Large-Scale Decontamination 


Within the spectrum of radiation incident response, one 
scenario is that a large number of people present to 
the ED believing that they may be contaminated with 
radionuclides. This would be similar in size and scope 
to the 1995 sarin gas exposure in Tokyo. Contingency 
plans must anticipate this possible scenario. The worried- 
well and the minimally-injured casualties should be 
directed to use some type of self-showering procedure, 
either outdoors or indoors. Another procedure should be 
available to those casualties who are incapacitated or 
are otherwise unable to perform self-decontamination. A 
medical officer should supervise this process to ensure 
that unstable patients are recognized in the process of 
performing self-decontamination. As medical facilities 
develop decontamination capabilities for radiation events, 
the first efforts should be directed toward the management 
of one or two casualties, as this is the most likely 
scenario. In addition, the knowledge and capabilities 
gained from the ability to decontaminate one or two 
casualties are easily expanded for substantially larger 
numbers of casualties if needed. 


Outdoor Decontamination 


Outdoor decontamination facilities may be temporary or 
permanent. An option to decontaminate a large num- 
ber of individuals should be available depending on the 
specific hazard analysis of the hospital facility. A supply 
of hot water allows outdoor decontamination in near- 
freezing weather, as long as the decontamination occurs 
in a sheltered area. Separate areas of decontamination 
should be established for males and females. A procedure 
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for identifying and packaging clothing should be devised. 
Valuables can be a sensitive issue, so some facilities have 
devised a technique for handling them in vvhich valuables 
are placed in resealable plastic (e.g., ziplock) bags and 
are then tied with a string around an individual’s neck. 
A scheme for providing tovvels and temporary clothing 
(usually hospital gowns) to these individuals should be 
available. Other variants of improvised decontamination 
schemes under research by fire departments involve the 
use of generating shower streams for a line of ambula- 
tory individuals simply by using two fire pumper trucks. 
Whether this technique will ultimately be adopted as an 
acceptable technique is not clear. Outdoor assisted decon- 
tamination is appropriate if the casualty is nonambulatory 
or of altered mental status, has significant trauma, and 
particularly if the presumed toxin is highly transferable to 
hospital personnel. 


Indoor Decontamination 


Hospitals need to have a plan for indoor decontamination 
as casualties are frequently recognized as being contami- 
nated only after they have been checked into the ED and 
critical casualties may require the proximity or use of 
sophisticated ED monitoring equipment. In addition, an 
indoor environment may be more suitable for decontam- 
ination due to outdoor conditions. Many EDs have some 
type of fixed indoor facility in which individuals may 
shower themselves. This is fine for patients with minor in- 
juries and for the worried-well. Specialized equipment for 
indoor decontamination is available, but it is not neces- 
sary for decontamination. Body areas to be irrigated may 
be draped with absorbent liners (chux) and taped to make 
the area water resistant. Absorbent liners can be used 
to direct the runoff from a wound into waste receptacles. 
Temporary cardboard barrels with heavy plastic liners can 
be used to collect the runoff of any irrigation fluids that 
are used. 


EVALUATION ISSUES 


Health Physics Laboratories 


These facilities should be identified during the develop- 
ment of radiation response plans. A health physicist may 
be of great assistance in this identification process. The 
temptation may exist to send samples for radiological as- 
say to the conventional laboratory for submission. The 
conventional laboratory is often reluctant to handle radia- 
tion assays for fear of radiation exposure, and, moreover, 
it may not know where to send these samples, thereby 
causing unnecessary delay. The list of procedures for 
the submission of radiation specimens should be lami- 
nated and posted within the hospital laboratory for easy 
reference. 


Whole-Body Counters 


These detectors, which are somewhat scarce, should also 
be identified in the radiation response plans. Manufac- 
turers of whole-body counters might, with the permis- 
sion of their clients, identify those who had purchased 
whole-body counters. Governmental agencies could then 
ask these entities if they would be willing to provide 
their whole-body counter in the event of a radiation 
incident. Whole-body counters are capable of detecting 
minute amounts of internal contamination if the subject 
has already been externally decontaminated. Whole-body 
counters are used to provide follow-up evaluation for those 
who have possibly been exposed to internal contamination 
to evaluate the committed internal doses. 


Laboratory Dosimetry 


The gold standard for decades for determining the sys- 
temic radiation dose has been the technique of lymphocyte 
cytogenetics. Few facilities in the United States are capable 
of performing lymphocyte cytogenetics now. The Interna- 
tional Atomic Energy Agency (IAEA) fosters development 
for dosimetry laboratories and standards for them using 
a variety of techniques, and maintains lists of worldwide 
resources. Other techniques for determining the systemic 
dose are the micronuclei assay of lymphocytes and fluo- 
rescent in situ hybridization using lymphocytes. At higher 
dose levels (those >1 Gy [100 rads]), other opportunistic 
samples, such as clothing items, bone, or teeth, may be 
used for a technique known as electron spin resonance. 
These samples can be affected significantly by environ- 
mental factors such as heat and cold, so the involved 
dosimetry laboratory must be consulted about the envi- 
ronmental factors before the storage of samples. National 
dosimetry resources may be identified by REAC/TS and 
the Armed Forces Radiobiological Research Institute. 


Environmental Surveys 


In the course of verifying a potential radiation exposure, 
a radiation survey team may need to be sent to the 
site in question to determine if a radiation hazard truly 
exists. This capability will vary from state to state; some 
states, such as Florida, have radiation survey teams that 
are available 24 hours a day, while other states with 
poorly staffed state radiation health departments may 
have great difficulty activating field teams. In any event, the 
appropriate state radiation assessment agency will need 
to be notified of a potential radiation hazard that requires 
verification. The clinician must be courteous but firm in 
obtaining this assistance, as encountering resistance to the 
investigation of a casual allegation of radiation exposure 
is common. Substantial resistance by state radiation 
health departments may indicate poor radiation disaster 
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preparedness and planning. The clinician should then 
make this state of resistance known to state and local 
political authorities. The clinician then usually obtains 
cooperation from that state agency with ease. 


INTERNAL CONTAMINATION ISSUES 


Internal contamination issues include a hazard assess- 
ment as to which radionuclides a given hospital might 
encounter, as well as the subsequent sources of needed 
therapeutic agents. As noted before, for several decades, 
a debate has raged over whether KI should be stockpiled. 
Most exotic agents for internal decontamination, such as 
Ca-DTPA, Zn-DTPA, and insoluble Prussian blue, may be 
obtained through REACITS. In view of the narrow time 
frame in which early treatment may have enhanced effec- 
tiveness, stocking these agents in advance of a radiation 
incident may be advisable. These agents are also report- 
edly available through the Strategic National Stockpile 
(see Chapter 6). 


TERRORISM ISSUES 


Terrorist incidents involving radiation release have al- 
ready occurred. Common sources of radioactivity, par- 
ticularly in the medical field, have recently been made 
more secure against unintended exposure. However, these 
safety measures do not necessarily protect against theft. 
A recent master’s thesis, using a theoretical source of 10 
curie (Ci) of iridium-192 dispersed by conventional ex- 
plosion, calculated that standard radiation survey meters 
might not be capable of detecting the dispersed levels of 
radioactivity. Therefore, the initial reports of alleged radi- 
ation terrorist events might be dismissed as not involving 
radiation despite the fact that radioactive sources were 
actually present (21). 


EXERCISES 


Training exercises for radiation incidents should use no- 
fault and explicit review concepts. Explicit review should 
be based on a checklist of major objectives to maintain 
the standards of objective results. Six major elements of 
radiation exercise performance have been identified so 
that objective criteria of evaluation are demonstrated (22) 
(Table 26-7). Such exercises should be designed to practice 
the radiation disaster management plan and to familiarize 
all participants with the elements of the plan. Conducting 
exercises without outlining the objectives to participants 
should be avoided, as it tends to practice the confusion 
and chaos of the response, not the plan (see Chapter 38). 


) TABLE 26-7 Objective Criteria for Response 
Performance 


Hazardous material history and data gathering 
Contact plant supervisor for: 
MSDS sheets 
Laboratory license to determine radionuclide inventories 
On-site health physicists to provide further accident details 
Ability to identify internal and external resource personnel 
Contamination control 
REA preparation 
Patient spread 
Cross-contamination 
Casualty triage 
Personnel should assess hospital resources available (hospital 
beds and type) 
Treatment and disposition 
Victims should be evaluated for appropriateness of care, 
treatment, and referral 
Organizational cohesion 
Response organizational chart should be evaluated 
Team should be evaluated for effectiveness of its organizational 
structure 
Each team member should be tasked with not more than three to 
five duties 
Decontamination equipment 
Equipment should be evaluated for appropriateness and 
completeness 


Abbreviation: MSDS, material safety data sheets; REA, radiation 
emergency area. 


SUMMARY 


Radiation is a substance of lesser toxicity for both 
casualties and responders on the grand scale of HazMat 
toxicity. Consequently, priorities in care shift such that 
medical stability using universal precautions becomes 
the first priority before radiation issues are addressed. 
Radiation has the advantage of being evident by a wide 
range of detection devices. Responders have the burden 
of documenting the removal of such radiation because 
it is easily measured. Radiation exposures are frequently 
litigated, so good documentation is crucial. 
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CONTACT INFORMATION 


Radiation Emergency Assistance Center Training 
Site (REACTS). Telephone at 865-481-1000, or page 
through the operator at Methodist Medical Center, Oak 
Ridge, Tennessee at 865- 576-3131. Provides medical 
consultation on radiation accidents. 

Chemical Transportation Emergency Center 
(CHEMTREC). Telephone at 800-424-9300 (in the Dis- 
trict of Columbia, 202-483-7616) or 703-527-3887 if out- 
side the continental United States. 

Agency for Toxic Substances and Disease Registry 
(ATSDR). Telephone at 888-422-8737. Provides 24-hour 
advice. 

Conference of Radiation Control Program Direc- 
tors, Inc. (CRCPD). Telephone at 502-227-4543. Main- 
tains lists of State Radiation Health Contacts for planning 
purposes. 

Armed Forces Radiobiological Research Institute, 
Medical Radiation Assistance Team (MRAT). Page at 
800-SKY-PAGE (Pin 801-0338) or telephone at 301-295- 
0316. 

Lymphocyte Cytogenetics Evaluation. Four sources. 


1. University of Pennsylvania. Contact Niel Wald, MD. 

2. Armed Forces Radiobiology Research Institute (AFRRI). 
3. Through REACITS referral. 

4. Through IAEA referral. 
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Hazardous Materials Emergencies 


Howard W. Levitin and Henry J. Siegelson 


“Toxins were flowing around me. Of course, I was blithely 
unaware of it all. ..” 
Magnus Magnusson 


Hazardous materials (HazMat) represent a complex and 
potentially significant hazard for emergency health care 
workers. Emergencies involving exposures to HazMat 
are relatively rare events, but they still represent one 
of the most common “disasters” that occur in the 
community setting. Unless the emergency department 
(ED) is prepared to deal with the intricacies arising from 
the management of these injuries, a single patient exposed 
to a hazardous material may overwhelm even a modern, 
high-volume facility. 

Victims of HazMat incidents often seek medical assess- 
ment and care in the ED. These patients typically arrive 
with little or no warning or information regarding the 
responsible agent. In large events, hospitals can anticipate 
a large number of self-referred victims (as many as 80% 
of the total number of victims) and should assume that 
they have not been decontaminated before arrival unless 
otherwise informed by a reliable source (1). To evaluate 
and treat these victims safely, policies and procedures that 
govern contaminated victim assessment and management 
must be developed, equipment procured, and training 
provided on an annual basis. 

Although every ED has the capacity to offer adequate 
medical care to these victims, the risk of personal injury 
due to secondary exposure or contamination mandates 
the use of personal protective equipment (PPE) and 
decontamination to prevent unprotected contact with the 
victim. Protecting hospital employees and staff from injury 
due to HazMat is a worker safety issue, and, in the United 
States, is covered by federal and state regulations. 

The capacity to safely assess, decontaminate, and treat 
victims exposed to HazMat is essential for every hospital 
ED. The health care worker’s position in the spectrum 
of response to a HazMat incident is unique. Because the 
health care facility (HCF) is typically remote from the 
location of the release, the secondary exposure risk to 


health care personnel is limited to those substances trans- 
ported to the hospital on the victim’s clothing, personal 
effects, skin, or hair. The location and limited source of 
contamination distinguishes hospital personnel (currently 
referred to as “first receivers”) from other prehospital per- 
sonnel such as firefighters, and emergency medical service 
(EMS) and law enforcement staff (commonly referred to 
as “first responders”) who typically respond to the site of 
release. It is the responsibility of the HCF and its admin- 
istrative staff to provide a safe environment in which to 
deliver emergency decontamination services. 


HAZARDOUS MATERIALS 


HazMat are substances, which because of their chemical, 
physical, or biological properties pose a potential risk to 
life, health, the environment, or property when not prop- 
erly contained. These substances include materials that 
are explosive, flammable, combustible, corrosive, reactive, 
poisonous, biological, or radioactive. They can be solid, liq- 
uid, or gaseous. If the material is intended to be used and 
is hazardous, it is a HazMat; if it is intended for disposal it 
is a hazardous waste (2). HazMat incidents may be either 
generated from a fixed site or the result of a transportation- 
related accident or even a deliberate release. 

HazMat are used in the production and manufacture of 
almost every product that people consume, wear, or use. As 
a result of their wide availability, the potential for exposure 
is significant. In early 1999, the Environmental Protection 
Agency (EPA) estimated that approximately 850,000 
facilities in the United States were working with hazardous 
or extremely hazardous substances. Many of these sites are 
located in urban areas. Approximately 60,500 accidents 
with HazMat occur nationwide annually, with more than 
2,550 resulting in casualties (3). This number probably 
underestimates the true scope of the problem. The 
United States produces more than 60,000 chemicals. The 
Department of Transportation considers many of these 
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FIGURE 27-1. Chemical rail car near Georgia Dome. 


chemicals to be hazardous (4,5). The Occupational Safety 
and Health Administration (OSHA) estimates that 575,000 
chemicals can be found in the vvorkplace (6), 53,000 of 
which are potentially hazardous (7). More than 4 billion 
tons of chemicals are transported annually by air, surface, 
and water (Fig. 27-1). 

Accurate and reliable data on the public health conse- 
quences of HazMat releases are difficult to obtain. Few 
agencies worldwide mandate reporting of human expo- 
sure to HazMat to governmental authorities. In the United 
States, the Agency for Toxic Substances and Disease 
Registry (ATSDR) has maintained an active, state-based 
Hazardous Substances Emergency Events Surveillance 
(HSEES) system since 1990. This system has generated 
a great deal of information concerning human exposures 
to HazMat and the public health consequences of these 
exposures. 

In the 2002 HSEES report (8), the ATSDR data 
indicated that 9,014 HazMat events had been reported 
in 15 states; the vast majority (72%) of which occurred 
at fixed facilities. HSEES defines hazardous substance 
emergency events as uncontrolled or illegal releases or 
threatened releases of hazardous substances (excluding 
petroleum). Most HazMat accidents (67%) occur on 
weekdays between 6 AM and 6 PM and an additional 18% 
from 6 PM until midnight; only approximately 9% of the 
accidents occur during weekends. Approximately 68% of 
these events involve only one or two victims. 

Equipment failure was the primary factor contributing 
to the HazMat release at fixed facilities, whereas human 
error was the primary cause in transportation-related 
events. A single substance is released in more than 90% 


of the events. The substances most frequently released 
were ammonia, sulfur dioxide, nitrogen oxide, carbon 
monoxide, hydrochloric acid, and chemicals used in the 
production of methamphetamine. 

The victims of fixed facilities incidents most frequently 
are employees (80%) followed by members of the general 
public, responders, and students. Among first responders, 
injuries at fixed facilities are most likely to be among police 
officers (55%), career firefighters (18%) and volunteer fire- 
fighters (13%). In transportation events, first responder 
victims are primarily police officers (73%) and career fire- 
fighters (16%); only 3% were hospital personnel. Among 
the victims, 89% of the employees and 40% of the respon- 
ders had not worn any form of PPE at the time of the 
exposure. In those cases in which PPE was used, the level 
of protective gear selected by the responders usually pro- 
vided insufficient protection against the responsible agent. 

In the HSEES report, the most common complaints 
from exposed victims at fixed facilities events were 
respiratory (32%), eye irritation (13%), dizziness or other 
central nervous system symptoms (12.5%), headache 
(12%), gastrointestinal symptoms (10%), and burns (8%). 
Most of the victims (54%) were transported from the 
scene of exposure to receive assessment and treatment at 
the hospital (down from 84% in 1996). Only 8.7% of those 
treated at the hospital were admitted and only 2% died. 

Only two of the HSEES-reported incidents involved 
more than 50 injured persons per event. Both incidents 
involved exposure to HazMat in the form of a gas or vapor. 
The first resulted from an industrial chlorine release that 
affected 67 persons (61 members of the general public and 
6 employees). All victims exhibited respiratory symptoms 
and were transported to a hospital for treatment; only 
two were admitted. The second incident involved air 
emission of carbon monoxide from a paper and pulp 
products facility. Fifty-four employees were affected; 50 
were transported to the hospital (92%) for treatment but 
were not admitted. 

Two of the largest rail accidents in the United States 
involving the release of HazMat were recent events. 


Example: Minot, North Dakota (9). At 1:30 AM 
on a frigid morning in Minot, North Dakota, on 
January 18, 2002, a Canadian Pacific Railway train 
with 112 rail cars jumped the tracks. Thirty-one 
of the cars derailed. Seven ruptured and began to 
leak anhydrous ammonia, a poisonous liquid. More 
than 290,000 gallons of spilled chemical released a 
massive vapor plume over this city, with a population 
of 36,000, causing gas and vapor exposures. One of 
the rail cars skidded 1,000 ft into a nearby home. 
This was the largest recorded release of anhydrous 
ammonia in the United States. 

Minot’s Trinity Hospital, geographically located 
in an area lower than the chemical release, was 
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enshrouded in vapor and this prevented some from 
seeking care at the facility. Many hospital employees 
and victims of the chemical release vvere unable to 
reach the hospital because of the thick vapor. One 
victim died at the scene of exposure. One hundred 
victims came emergently to the hospital that night. 
Of those, 32 vvere hospitalized. Tvvo patients re- 
quired intubation and mechanical ventilation. Thir- 
teen victims vvere still in the hospital 5 days later. 

More than 1,000 persons presented to the hospi- 
tal or its clinics for assessment and treatment in the 
2 vveeks after the release. Eight hundred and forty 
Minot residents subsequently underwent pulmonary 
function testing to measure potential residual pul- 
monary injury. 


Example: Graniteville, South Carolina (10). On 
January 6, 2005, a Norfolk Southern Railway train 
hit a parked locomotive, causing its derailment 
and the release of chlorine gas. The rail accident 
occurred at 2:40 AM in Graniteville, a small town in 
South Carolina, near the Georgia border. It was the 
worst US train accident involving HazMat in more 
than 30 years. Nine died and 5,400 were evacuated. 

More than 599 persons sought medical aid (11). 
Two hundred and sixty-seven patients (44%) were 
evaluated by hospital personnel at five regional 
hospitals: four in Georgia and one in South Carolina. 
Sixty were admitted with 17 requiring intensive care 
unit (ICU) management. Patients presented for care 
to large regional hospitals as well as small private 
hospitals. 


Given the quantity of chemicals handled daily in manu- 
facturing, transportation, and storage, a practicing emer- 
gency physician will inevitably be confronted with exposed 
or contaminated patients. To reduce victim morbidity as 
well as to ensure the safety of the treating health care 
providers, the hospital must have the capacity to quickly 
use PPE and to perform patient decontamination. 

A patient is considered contaminated when direct 
physical contact with HazMat has occurred and the 
substance remains on the body or clothing. Under these 
circumstances, contaminated victims have the potential to 
spread this agent to others (“secondary contamination”). 
If the contact is simply an exposure to a toxic vapor or 
gas, then nearly all of the contaminants will be removed 
when the clothing is removed (12). 


HAZARDOUS MATERIALS EXPOSURES 


Hospitals receive victims who are exposed to HazMat from 
numerous sources. Many homes in the United States use 
insecticides, cleaning agents, and other hazardous chemi- 
cals that can be spilled or swallowed by family members. 


These victims will usually go to the closest hospital for 
care. Thousands of tons of chemicals are transported in 
the United States each year. Victims of transportation ac- 
cidents who are exposed to HazMat will be transported 
to an HCF for definitive care. In addition, ED person- 
nel may be confronted with individuals contaminated in 
methamphetamine labs (amphetamine “cooks”, adjacent 
family members (including children), law enforcement 
personnel, first responders, and bystanders). 

Industries that manufacture, transport, and use haz- 
ardous chemicals are mandated by US law to develop 
and exercise a disaster plan. Industries that store and use 
chemicals at fixed facilities typically rely on the closest 
hospital to help reduce the severity of these events and 
help minimize loss of man-hours. Many hospital chief ex- 
ecutive officers would be surprised to learn that their HCF 
is a designated receiving facility, specifically mentioned 
in the chemical company’s disaster plan. The chemical 
industry is not required to ascertain that the receiving 
hospital has the capacity to treat their injured employees. 
Given the low cost of preparedness, equipment, and train- 
ing, many HCFs could look to their local industry safety 
managers and safety boards for funds to support their 
preparedness efforts. 

Health care workers face a HazMat exposure risk that 
is almost completely due to secondary exposure from 
injured/contaminated victims. The degree of hazard “de- 
pends largely on the toxicity of the substance on the 
victim’s hair, skin, and clothing; the concentration of 
the substance; and the duration of contact with the 
victim” (13). Historically, health care workers have en- 
countered a quantity of contaminant that is smaller than 
the amount to which the victim was originally exposed 
(“primary exposure”) or deposited on the victim. Gas or va- 
por releases may expose individuals in the vicinity to toxic 
concentrations. Once the victim leaves the area of expo- 
sure, the vapor or gas is primarily contained in the patient's 
clothing or on their skin or hair. Most of these gases or va- 
pors tend to evaporate or dissipate in minutes (well before 
the patient actually arrives at the hospital). As a result, 
these injured individuals are not likely to pose a signifi- 
cant secondary contamination risk to first receivers; but 
this risk is not zero (1,13-15). The quantity of contaminant 
that a first receiver encounters can be reduced by (1,14,16): 


m Encouraging and assisting victims to self-decontami- 
nate at the scene or soon thereafter by removing 
contaminated clothing 

m Performing first responder-assisted decontamination at 
the scene whenever possible 

m Recognizing potentially contaminated patients at triage 
and redirecting them outside the hospital to a predesig- 
nated staging area 
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m Removing and containing contaminated clothing, as 
needed, outside the hospital (dry decontamination) 
vvhile providing appropriate privacy and personal space, 

m Performing additional decontamination with tepid wa- 
ter and liquid soap, as needed 

m Ensuring that first receivers wear appropriate PPE 

m Having first receivers properly remove and contain their 
PPE after use 

m Enabling and encouraging first receivers and first 
responders to shower, if any contact has occurred with 
contaminated individuals 

m Cleaning reusable equipment after the decontamination 
process and properly disposing of one-time use gear 
(i.e., chemical-protective suits, boot, gloves, towels, etc.) 


Historically, the more serious injuries to health care 
workers result from patient exposure to organophosphate 
compounds (e.g., some pesticides and nerve agents such as 
sarin) and their dilutants (xylene, toluene) as a result of ac- 
cidental and intentional releases (e.g., suicide ingestions 
and terrorist incidents). These agents have high vapor 
pressures (therefore prone to off-gassing), are quite toxic, 
and have the propensity to produce recognizable short- 
term and in some cases prolonged clinical effects. In most 
of the cases in which the first receivers suffered injury 
or recognizable symptoms due to the exposures (Cali- 
fornia secondary chemical exposure, Georgia insecticide 
exposures, Tokyo sarin attack), appropriate PPE use was 
infrequent or nonexistent. In addition, the victims’ cloth- 
ing was not properly removed (outdoors) before evaluation 
and treatment, and soap and water decontamination was 
rarely performed. Despite these lapses, unprotected first 
receivers experienced only limited exposures (1). 

In the case of the Tokyo terrorism incident in March 
1995, in which the organophosphate nerve agent sarin 
was intentionally released into their subway system, 10% 
to 20% of first responders and first receivers developed 
mild to moderate symptoms (i.e., miosis, mild cough, 
and runny nose). Despite these measurable symptoms, 
exposed health care workers caring for injured victims 
were reportedly still able to continue their duties (17). 
Many of these exposure symptoms could have been 
minimized or eliminated if the victims’ clothing had been 
removed and contained before entering the hospital (15). 

Researchers modeled similarly toxic agents (chlorine, 
phosgene, cyanide, and nerve and blistering agents) us- 
ing extreme worst-case scenarios (>6-hour exposure to 
sarin-contaminated clothing). They concluded that even 
if contaminated clothing remains an ongoing source of 
contamination, less than 2% of health care workers would 
be exposed to sarin levels that would exceed the protection 
offered by a powered air-purifying respirator (see subse- 
quent section on PPE). If more realistic parameters were 
used (e.g., clothing removed immediately upon arrival), 
the level of sarin exposure would have been negligible (1). 


REGULATIONS 


Health care workers risk occupational exposure to chem- 
ical, biological, or radiological materials when hospitals 
receive patients contaminated with these substances from 
HazMat incidents. To health care workers, HazMat pre- 
paredness is a matter of worker safety (18). The OSHA 
requires employers to furnish a place of employment free 
from recognized hazards that are likely to cause death or 
serious physical harm to their employees (19). Employers 
are also required to provide appropriate PPE and training 
to employees who have the potential of being exposed to 
HazMat (20). 

OSHA (1,21,22), the National Institute for Occupational 
Safety and Health (NIOSH), the Joint Commission on Ac- 
creditation of Healthcare Organizations (JCAHO) (23), 
the Health Resources Services Administration (HRSA), 
and others have developed guidance and/or regulations 
specific for HazMat emergencies. Although a fair amount 
of duplication is found among these various organiza- 
tions, the standards developed and enforced by OSHA 
are the foundation upon which most HazMat prepared- 
ness decisions are based. OSHA’s regulations specifically 
address issues of employee safety, personal protection, 
decontamination, and training. 

OSHA recognizes that hospital first receivers do not 
require advanced training in control, containment, or 
confinement operations similar to that required of fire 
department HazMat response teams. In addition, OSHA 
also recognizes that first receivers have somewhat different 
training and PPE needs, as compared with workers in the 
immediate HazMat release area (1,22,24). Nonetheless, 
first receivers may be placed in harm’s way because of the 
nature of their profession and must therefore be trained 
and equipped to perform the duties and functions expected 
of them (1,22,25). As a result, every ED must address 
certain regulatory issues (20) specific to an emergency 
decontamination operation, including the following: 


m Emergency Response Plan: A written plan must be 
established before a HazMat incident occurs, which out- 
lines how the hospital will respond to the emergency. 
The plan should address the hazards the hospital will en- 
counter (obtained by performing a hazard vulnerability 
analysis [HVA]), identify the hospital’s role in the re- 
sponse, and serve as a resource for incident preparation, 
response, and recovery. This plan should specifically 
address staff safety, incident management, decontami- 
nation, PPE, evacuation, air monitoring, postemergency 
critique of the hospital’s emergency response, and the 
role of the hospital in a community-wide disaster. In 
addition, standard operating procedures (SOP), which 
spell out the roles and responsibilities of each member 
of the decontamination team, must also be developed. 
This information can either be incorporated into a 
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hospital’s emergency management plan (EMP) or be 
a supplement to the plan (1,26,27). 
Personal Protection: Every employee designated to 
wear a respirator must have a medical evaluation to 
verify his or her current fitness to wear PPE. This must 
include, at a minimum, completion of the OSHA Res- 
pirator Medical Evaluation Questionnaire. In addition 
to the questionnaire, the occupational health specialist 
has the latitude to perform whatever medical evaluation 
he/she deems necessary based on personal experience 
or as indicated by the hospital’s HVA. In addition, train- 
ing must be provided to each employee who is required 
to use PPE. At a minimum, this training must cover the 
following: 
e When PPE is appropriate and required 
e Which PPE is appropriate and required 
e How to properly put on (don), remove (doff), adjust, 
and wear the PPE 
e Limitations of PPE 
e Proper care, maintenance, life, and disposal of PPE 
(1,28) 
Training: Minimally, all hospital personnel (e.g., physi- 
cians, nurses, security, and triage) who have a des- 
ignated role in a HazMat emergency operation must 
be trained to OSHA’s First Responder Awareness level 
(Table 27-1). This level of training provides personnel 
with an understanding of how to recognize a potential 
HazMat problem and how to respond accordingly. Per- 
sonnel who are expected to decontaminate patients or 
handle them before thorough decontamination must 
be trained to the First Responder Operations level 


(Table 27-1) and then receive additional training in 
decontamination (24). This level of training includes in- 
struction on decontamination, PPE, incident command, 
and HazMat emergency response. 

Staff who do not have a designated role in the 
emergency decontamination operation but who might 
unexpectedly care for a contaminated patient or per- 
form other work in the contaminated decontamination 
area should receive an expedient orientation to site op- 
erations immediately before providing services. These 
individuals are classified by OSHA as skilled support 
personnel, and they require only an initial briefing at 
the time of the incident, including instruction in the 
wearing of appropriate PPE, what chemical hazards are 
involved, and what duties are to be performed. 

For all levels of training, hospitals must document 
how training requirements are met and “refresher” 
training must be provided on an annual basis. A brief, 
general orientation on the hospital’s emergency proce- 
dures for a HazMat incident should be provided an- 
nually to all other hospital employees who have no 
designated role in the decontamination process. This 
(nonmandated) orientation should also address the 
measures the hospital has taken to protect its employees. 


PERSONAL PROTECTIVE EQUIPMENT 
PPE shields personnel from contact with HazMat. This 


gear is required for all individuals who have the potential 
of being exposed to any hazard capable of causing injury 


) TABLE 27-1 Hazardous Materials Training Levels 


Level 1: First responder awareness 


Witnesses or discovers a release of a hazardous material; is trained to notify the proper authorities. Training 
includes the recognition and identification of hazardous materials, proper notification procedures, and the 


employee's role in the ERP 
Level 2: First responder operations 


Responds to the release of hazardous substances in a defensive manner without actually trying to stop the 
release. Requires level 1 competency and 8 h of additional training in basic hazard and risk assessment, PPE 
selection, containment and control procedures, decontamination, and standard operating procedures 


Level 3: Hazardous materials technician 


Responds aggressively to stop a release. Requires 24 h of level 2 training and competencies in the following: 
detailed risk assessment; toxicology; PPE selection; advanced control, containment, and decontamination 


procedures; air-monitoring equipment; and the ICS 
Level 4: Hazardous materials specialist 


Responds with and provides support to hazardous materials technicians, but has advanced knowledge of 
hazardous materials. Requires 24 h of level 3 training and proven competencies, along with advanced 


instruction, on all specific hazardous material topics 
Level 5: On-site incident commander 


Assumes control of the incident beyond what is required for level 1. Requires 24 h of training equivalent to 
level 2 with competencies in the ICS and ERP, hazard and risk assessment, and decontamination procedures 


Abbreviation: ERP, emergency response plan; PPE, personal protective equipment; ICS, incident command system. 
From Infection control practices advisory committee. Guideline for isolation procedures in hospitals. /nfect Control Hosp 


Epidemiol 1996,17:53—80, with permission. 
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through absorption, inhalation, injection, or physical 
contact. Typical hospital universal precautions, such as 
paper or plastic gowns, paper masks, and surgical gloves, 
although adequate for most biological and radiological 
hazards, are inadequate for protecting personnel from 
chemical hazards. 

The typical HazMat PPE ensemble includes a chemical- 
resistant suit, gloves, boots, and a respirator that work in 
unison to shield an individual from a variety of chemi- 
cal and physical hazards. Choosing the proper protective 
ensemble for first receivers must take into account an em- 
ployee’s role in the emergency decontamination operation 
and the hazards that he/she might encounter. The PPE 
selected must be based on a hazard assessment that thor- 
oughly considers these two factors along with the steps 
that will be taken to minimize the extent of the employee’s 
contact with hazardous substances through skin contami- 
nation and inhalation (1,24). Although no combination of 
PPE protects against all hazards, the equipment selected 
should provide as much protection as possible to the skin, 
eyes, face, hands, feet, and respiratory tract. 

Chemical protective suits should be manufactured with 
a material (or materials) that guards against a wide 
range of chemicals, in solid, liquid, or vapor form. The 
garment should be constructed in a way that restricts 
the passage of vapors through openings and seams and 
be able to withstand physical abrasion and tearing. It 
should also be durable, flexible, and lightweight (1). Many 
commercially available suits provide the broad-spectrum 
protection required by first receivers. Formal testing of 
these suits has been performed by the manufacturer as 
well as military and firefighting organizations (29,30). 

Gloves and boots are available in latex, foil, butyl 
rubber, and nitrile-based materials. Butyl gloves generally 
provide better protection than nitrile gloves from chemical 
warfare agents (e.g., nerve and blistering agents) and most 
toxic industrial chemicals thought likely to be involved in 
a terrorist incident, although the converse applies to other 
types of industrial chemicals. The key is combing glove 
materials to protect against a wide range of substances (1). 
A double layer of gloves, ideally butyl gloves (with a 
minimum thickness of 14 mil) worn over inner nitrile 
gloves (4-5 mil) is often considered the best option for first 


) TABLE 27-2 Levels of Personal Protective Equipment 


Level A 


receivers. As glove thickness increases, dexterity decreases 
which becomes a problem for first receivers tasked with 
performing advanced medical procedures while dressed 
in PPE. Multiple options are available; hospitals should 
select the combination of materials and glove thickness 
that best meets their specific needs (1). 

The material selected for gloves is also appropriate for 
boots, although boot walls tend to be thicker and therefore 
more protective than gloves. Boots are designed to be 
either worn over street shoes (i.e., fit over the protective 
suit’s attached boot and wearer’s street shoe) or over socks 
(i.e., fit over the protective suif s attached boot and wearer’s 
foot). Commonly, an inner foot/shoe cover is applied 
before donning the chemical protective suit. Ideally, these 
inner liners are removed last after exiting the doffing area 
to prevent the potential spread of contamination. 

Historically, PPE ensembles are classified as being level 
A, B, C, or D (Table 27-2) depending upon the degree of 
respiratory and skin protection afforded. Level A provides 
the highest protection against skin and inhalation hazards 
and is used primarily by responders (or workers) at the 
site of release. Level D, on the other hand, is essentially 
a work uniform, which affords minimal protection and is 
used for nuisance contamination only. 

Over the last several years, the “appropriate” level of 
PPE for health care providers has been controversial. 
There have been varying interpretations of OSHA Haz- 
Mat standards, initially written for emergency personnel 
responding to the site of the release, and debate over 
how those interpretations might apply to hospital per- 
sonnel in a “first receiver” status. Over time, OSHA has 
come to recognize that first receivers indeed have differ- 
ent PPE needs than workers functioning in the hazardous 
substance release area. 

In 2005, OSHA formally clarified the PPE needs for 
health care providers caring for contaminated victims (1). 
In their best practices document, OSHA specifies the 
minimum PPE that hospitals could use to effectively 
protect first receivers assisting patients contaminated with 
unknown substances (including chemicals, radiological 
particles, and biological agents). This minimum standard 
requires that the hospital meet a number of prerequisites 
designed to minimize the quantity of substance to which 


Provides the maximal amount of vapor and splash protection. This suit is fully encapsulated and chemically resistant. It 


requires the use of a self-contained breathing apparatus, along with chemical-protective gloves and boots 


Level B 


Chemically resistant suits that guard against splash exposures and offer less protection against skin, eye, and mucus 


membrane exposure as compared with a level A. This type of suit requires the use of a positive pressure, full-faced 
respirator, along with chemically resistant gloves and boots; it is the minimum level of protection required for unknown 


contaminants 
Level C 


Protection is used when the identity of the chemical hazard is known and its exposure risk is below the concentration 


that will cause ill effects. An air-purifying respirator is required to filter out contaminants 


Level D 


Only used when no danger of chemical exposure exists. This ensemble includes work clothes without a respirator 
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) TABLE 27-3 Conditions Necessary for Hospitals to Rely on Occupational Safety and 
Health Administration-Suggested Personal Protective Equipment vvhile 
VVorking in Hospital Decontamination Zone 


1. Thorough and complete HVA and EMP, conducted, developed, and updated within last year 
2. EMP addresses care of mass casualties, including those that self-refer 
3. Preparations specified in the EMP have been implemented (e.g., employee training, equipment selection, maintenance, and 


a respiratory protection program) 


4. EMP includes methods for handling the numbers of ambulatory and nonambulatory victims anticipated by the community 

5. The hazardous substance was not released in close proximity to the hospital, and the lapse time between the victims’ 
exposure and victims’ arrival at the hospital exceeds approximately 10 min 

6. Victims’ contaminated clothing and possessions are promptly removed and contained, and decontamination is initiated 


promptly upon arrival at the hospital 


7. EMP procedures are in place to ensure that contaminated medical waste and wastewater do not become a secondary 


source of employee exposure 


8. Predecontamination and decontamination areas situated in an area (or facility) that promotes constant fresh air circulation 


through the system to limit hazardous substance accumulation 


Abbreviation: HVA, hazard vulnerability analysis; EMP, emergency management plan. 

The Hospital Decontamination Zone includes any area where the type and quantity of hazardous substance is unknown 
and where contaminated victims, contaminated equipment, or contaminated waste may be present. 
http://www.osha.gov/dts/osta/bestpractices/html/hospital_firstreceivers.html 


first receivers might be exposed (Table 27-3). This level C 
PPE ensemble includes a hooded, powered air-purifying 
respirator (PAPR) with a combination element that 
includes an acid gas and high-efficiency filter with an 
assigned protection factor of 1,000, a chemical-resistant 
protective garment, head covering if it is not already 
included with the respirator, a double layer of protective 
gloves, and chemical-protective boots. A PAPR is a type 
of air-purifying respirator that uses a battery-powered 
blower to pass contaminated air through a series of filters, 
which removes the contaminant and supplies purified air 
to the wearer’s face piece. 

OSHA based its PPE best practices recommendation 
on the understanding that first receivers are historically 
exposed to limited amounts of a toxic substance: much 
less than was originally deposited on the patient. For 
example, gas or vapor releases may initially be in toxic 
concentrations, but tend to evaporate or dissipate quickly 
within 5 minutes of the initial exposure, typically, well 
before victims reach the hospital. This is true even if a 
volatile agent is sprayed on a victim. Although a limited 
secondary exposure is possible, the victims are not likely 
to pose much of a contamination risk to first receivers. 
By removing and bagging the victims’ clothing outside 
the assessment and treatment facility in a well ventilated 
area before performing soap and water decontamination, 
the risk of secondary exposure is diminished significantly 
(1,13,14,31). 

OSHA’s PPE recommendation is not the only option 
for first receivers. Hospitals may need to provide a higher 
level of protection (i.e., level B) if they anticipate providing 
specialized emergency services at the incident site, are 
aware of unique hazards in their area that require a higher 


level of protection, or if they are unable to meet the criteria 
listed in Table 27-3. Alternatively, if the agent is positively 
identified and poses a minimal vapor hazard then a less 
protective ensemble may be used. 

The use of PPE itself may create hazards to the wearer. 
The equipment can produce heat stress and can im- 
pair visibility, mobility, and communication, along with 
causing a variety of psychological stresses (e.g., claustro- 
phobia). These problems are more commonly associated 
with higher levels of personal protection in which the re- 
sponder is totally encapsulated within the protective gear 
(e.g., level A). The proper selection of equipment, appro- 
priate training (and periodical retraining), and familiarity 
with the gear should significantly reduce these problems. 
Because of these potential hazards, the employer must 
keep accurate training and medical records for all workers 
who use PPE. 

In addition, according to OSHA’s respiratory protection 
policy, employers must provide the following to all 
employees who are designated to wear a respirator: 


m An occupational medical screening evaluation before 
the employee is fit tested or required to use the 
respirator in the workplace. This evaluation requires 
the establishment of a medical database (at no cost to 
the employee) that includes a thorough medical and 
occupational health history. The history should screen 
for preexisting medical conditions (hypertension, heart 
or lung disease, diabetes, allergies) or occupational 
exposures that might preclude or limit one’s ability 
to wear certain types (levels) of PPE. This evaluation 
should also assess any limitations an individual might 
have to wearing PPE (i.e., facial hair, the need to wear 
protective lenses, hearing problems, panic disorders, 
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) TABLE 27-4 Recommended Personal Protective Equipment for Potential Biological 


Agents 
Type of Negative 
Precautions Pressure 
Disease Required? Required? 
Anthrax Standard No 
Pneumonic plague Droplet/standard No 
Pulmonary tularemia Standard No 
Brucellosis Standard No 
Smallpox Airborne/contact Yes 
Lassa fever Airborne/contact Yes 
Ebola Airborne/contact Yes 
Marburg virus Airborne/contact Yes 


Abbreviation: HEPA, high-efficiency particulate air. 


Gloves Gowns Surgical N95 or 
Required? Required? Masks? HEPA Filter? 
Yes As needed As needed — 
Yes As needed Yes — 
Yes As needed As needed — 
Yes As needed As needed — 
Yes Yes — Yes 
Yes Yes — Yes 
Yes Yes — Yes 
Yes Yes — Yes 


a From Here's mud in your eye. Health Care Hazard Mater Manage 1997/11:1,3—4, with permission. 

From APIC/CDC Bioterrorism Task Force. APIC/COC bioterrorism readiness plan: a template for healthcare facilities. 
Assoc Prof Infect Control 1999; Garner J. Hospital infection control practices advisory committee: guideline for 
isolation procedures in hospitals. Infect Control Hosp Epidemiol 1996,17:53—80, with permission. 


etc.). These preexisting conditions or limitations only 
impact an individual’s ability to wear a respirator. They 
do not prevent an individual from playing an active 
support role in the hospital’s decontamination team. 
The examining health care professional must review 
the results of the medical evaluation confidentially 
with the employee and provide a written report of the 
employee’s fitness for wearing a respirator, and any 
physical limitations. 

m Mandatory (qualitative or quantitative) fit testing of all 
employees wearing a respirator that utilizes a tight- 
fitting mask (e.g., N95 mask; a hooded PAPR does not 
require fit testing). 

m A selection of respirators of different sizes and styles; 
these must be made available to ensure proper employee 
fit (if a tight-fitting face mask is used). 

m Annual respirator training (or more frequently if 
necessary) of all employees who are designated to wear 
this equipment. 

m Periodic physical examinations should be performed at 
least every 1 to 2 years. This examination should screen 
for the presence of any detrimental effects that may 
have occurred from an incidental HazMat exposure. A 
postexposure evaluation is required for all employees 
and an exit evaluation should be performed on all 
decontamination team members who no longer have 
any involvement with the team. All of these records 
must be maintained for the duration of employment 
plus 30 years. 


Victims of contagious biological infections pose a 
significant risk to health care workers. Personal protection 
from potential biological exposure to contagious illness 
begins with the aggressive and frequent use of standard 
precautions. Advanced measures, such as N95 or high- 
efficiency particulate air (HEPA) filter masks, and negative 


pressure rooms are recommended for some potential 
biological agents (Table 27-4). It must be noted that 
biological precautions and HazMat PPE classifications 
do not dovetail neatly. Level C or better HazMat gear will 
provide airborne precautions, but an N95 mask ensemble 
does not offer HazMat protection beyond level D. This 
may be a source of confusion in planning and training. 


DECONTAMINATION 


Decontamination should be performed whenever known 
or suspected contamination has occurred with a haz- 
ardous substance through contact with aerosols, solids, or 
liquids. Patient decontamination is an organized method 
of removing residual contaminants from the victim’s skin 
and clothing. It is accomplished initially by removing the 
victim’s garments, rinsing the patient with large quantities 
of water, and collecting the decontamination runoff. Gen- 
tly scrubbing the skin with soap and a soft brush removes 
any remaining fat-soluble chemicals and solid materials. 
Eliminating chemicals from a victim’s skin and clothing 
is important for two reasons. This reduces the risk of fur- 
ther absorption or inhalation and the subsequent toxicity 
caused by the offending agent. In addition, it helps in 
preventing others from becoming secondarily exposed or 
contaminated. 

The degree of decontamination performed depends on 
the situation. In general, removing and bagging the vic- 
tim’s clothing removes up to 90% of the contaminants and 
minimizes the risk of spreading the toxic agent to others 
(1,31). This is the minimum level of decontamination that 
is acceptable after exposure to a hazardous chemical, a 
radioactive contamination source, or a terrorist attack. 

An area should be established that provides the victims 
adequate privacy for removing their clothing. Separate 
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areas can be established for men and women with the 
use of privacy curtains, vvhich are vvell shielded from 
onlookers. This vvill contribute to the effectiveness of the 
initial decontamination procedure. A readily available 
supply of disposable paper gowns or blankets should 
also be accessible for victims to cover themselves after 
they have disrobed or completed decontamination. These 
items can be supplied at the scene by employers or first 
responders or at the receiving medical or triage facility. 
Personal items (e.g., jewelry, wallets, and purses) can be 
placed in zipper lock plastic bags and then subsequently 
deposited inside the biohazard bag with their clothing 
or carried by the patient through the decontamination 
process. A tagging system should be used to mark the 
bagged items and the patient in a mass casualty situation. 
Local law enforcement or security personnel can be 
employed to guard the victim’s belongings. Obviously, 
prior planning and exercising in this area will contribute 
to the success of the decontamination operation. 

After a large-scale chemical release with mass casual- 
ties, if authorities determine that most of the exposure was 
due to a vapor, then the removal of clothing may be a suf- 
ficient decontamination effort, especially when resources 
are limited (1,12,18,32,33). When possible, victims should 
remove their own clothing at the scene of release or at 
the hospital to enable staff to assist the symptomatic and 
nonambulatory victims who may require a full soap and 
water showering. These forms of self-decontamination are 
feasible because most contaminated patients are ambula- 
tory. Once the clothing has been removed and bagged, the 
patients can be safely moved into the hospital for medical 
evaluation or triaged to another location, as needed. This 
quick procedure eliminates the need to shelter ambulatory 
patients outside before medical assessment, transport, or 
more definitive wet decontamination. 

A high-volume, low-pressure shower, often combined 
with the use of soap, is required for decontamination if 
patients are exposed to a liquid or visible hazard. A few 
chemicals have the capacity to react strongly with water or 
air with the generation of heat. Water is contraindicated, 
in theory, in only a few rare situations involving metallic 
sodium, potassium, lithium, cesium, and rubidium, all of 
which react with water. Dusts of pure magnesium, white 
phosphorus, sulfur, strontium, titanium, uranium, zinc, 
and zirconium will ignite on contact with air (31). If any 
of these metallic substances is present on the victim’s skin, 
a chemical reaction is already occurring while the proper 
method of decontamination is being considered. Although 
the potential for reaction exists, dilution with very large 
quantities of water minimizes the ensuing harm. When 
possible, these substances can be physically removed with 
forceps and stored in a receptacle containing mineral oil. 

Phosphorus burns are particularly destructive. The 
chemical, which burns on contact with air, in a wound 
must be asphyxiated with water-saturated bandages or 


clothing or immersed in water to stop the burn. The 
phosphorus particles must be surgically removed. This 
can be facilitated in the ED or the operating room with 
a Wood’s lamp that causes the chemical to phosphoresce, 
thereby making it easier to remove. 

The fire service has routinely and historically provided 
decontamination at the scene of a HazMat release. Defini- 
tive decontamination is preferably performed at the scene 
of exposure. This decontamination can be facilitated by 
employers, facility security, or first responders. A variety 
of factors, such as adverse weather conditions, inherent 
time delays between 911 notification and decontamina- 
tion area setup, technological constraints, and the lack 
of prehospital training and equipment in some locales, 
may hinder or prohibit a definitive procedure. In addition, 
chemically contaminated victims often bypass even the 
most experienced decontamination attempts when large 
numbers of victims are injured. 

Hospital decontamination should be performed at a 
predesignated location using an appropriate showering 
system. Entry and exit points should be clearly marked 
with separate flow patterns established for patients and 
personnel to limit the spread of contamination. This pro- 
cedure may be performed outside the ED with the use 
of a fixed or portable decontamination system (32,34). 
Decontamination performed in this manner keeps the 
contaminant outdoors and minimizes the risk of spreading 
solid, liquid, or gaseous toxic agents into the hospital. In 
addition, an outdoor location provides the space necessary 
for triaging victims of a large-scale incident and reduces 
any off-gas threat. The decontamination area should be lo- 
cated outside the hospital facility near the ED entrance but 
away from the regular patient traffic flow of the hospital. 

If a permanent shower facility within the hospital is 
used, it should be large enough to handle at least two 
victims along with the appropriate support staff (two to 
four decontamination team members dressed in protec- 
tive gear). The decontamination room should include 
a separate entrance from the outside. In addition, it 
should be engineered to contain the decontamination 
runoff, designed to maximize privacy between patients 
and between patients and staff, and capable of ventilat- 
ing air to the outside. The availability of a permanent 
facility, however, does not typically alleviate the need 
for outdoor decontamination capability in a mass casu- 
alty incident (MCI). Under these circumstances, the need 
for decontamination will quickly overwhelm the inherent 
capabilities of a permanent decontamination room. In ad- 
dition, some chemicals, such as sarin or VX are so toxic 
that they should never be allowed indoors. Permanent in- 
ternal and off-the-shelf portable decontamination systems 
have been developed by some commercial and academic 
entities (35). 

All the water runoff from the decontamination process 
should ideally be collected for future disposal. It should 
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not be allowed to freely flow into the city sewer system, 
parking lot, or surrounding foliage, as this would serve 
only to contribute to the spread of the contaminant. 
After the HazMat response concludes, a private contractor, 
the local branch of the EPA, or the fire department can 
ascertain the type of chemical contaminant. In some cases, 
the fire department, in consultation with local officials, will 
give the hospital permission to pour the decontamination 
runoff into the sewer. In other cases, a local HazMat 
contractor is needed to remove the wastewater for proper 
disposal. This relationship between the hospital and the 
HazMat disposal service should be contracted in advance 
to assure rapid and appropriate disposal. 

Personnel with designated responsibility in the decon- 
tamination area, including those who will have direct 
contact with contaminated patients, should wear the ap- 
propriate protective gear. The size of the decontamination 
team depends on the minimum number of people required 
to operate the decontamination system and to implement 
the hospital’s decontamination procedures, and the na- 
ture of the incident. Activities involving a few patients 
and small decontamination systems usually require only 
a few staff members, each of whom might fill several 
functions. Larger incidents will obviously require more 
decontamination team members (1). At least two indi- 
viduals must be available at all times to suit up and be 
ready to intervene if a patient requires help. In most cases, 
victims will be able to remove their own clothing and to 
shower themselves without the need of any hands-on as- 
sistance. Under these circumstances, the two emergency 
responders in PPE will remain on stand-by at the side of 
the decontamination corridor while another decontami- 
nation team member directs the patient(s) through the 
decontamination process. 

In the event of a large-scale HazMat contamination 
incident that poses a threat to life and health, performing 
emergency decontamination with minimal or no contain- 
ment of the runoff is considered acceptable. According 
to the emergency coordinator of the EPA (36), the Good 
Samaritan provision of the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), 40 
CFR, limits liability related to the results of actions “taken 
or omitted in the course of rendering care, assistance, 
or advice in accordance with the National Contingency 
Plan ... with respect to an incident creating a danger to 
public health or welfare or the environment as a result 
of any releases of a hazardous substance or the threat 


FIGURE 27-2. Sample sign that might be lo- 
cated outside the emergency department to in- 
struct contaminated patients. 


thereof” (37). In fact, Section 107(d) (2) provides that 
state and local governments are not liable under CERCLA 
as a result of actions taken in response to an emergency 
created by the release or threatened release of a hazardous 
substance (36). Whether this exception applies to hospitals 
is not known. CERCLA, however, does not preclude pri- 
vate parties (e.g., an environmental interest group) from 
filing suit. In addition, state or local regulations themselves 
may apply to hospitals, and may not be waived. 


INITIAL ASSESSMENT 


It is important that hospital staff recognize the contami- 
nated patients before they enter the facility. This will help 
protect personnel and visitors in the hospital. The triage 
area is the entrance to the ED. Triage nurses, ED techni- 
cians, clerical staff, and security staff form the personnel 
of the “triage unit.” As patients arrive at the department, 
whether by EMS or private vehicle, all must pass through 
the triage area. All triage personnel must receive aware- 
ness training for HazMat- or terrorist-associated patient 
presentations. Personnel who routinely monitor patient 
access through other entrances to the hospital should also 
receive awareness training to prevent accidental facility 
contamination. 

Once victims of a HazMat exposure or terrorist attack 
are recognized, they should be directed out of the 
hospital to a designated location near the ED entrance 
to await evaluation and decontamination. These patients 
should not be left alone because they may either leave 
or may attempt to enter the hospital again. Optimally, 
contaminated patients or those transporting them might 
read a sign or poster situated outside the department 
that might instruct those contaminated with chemicals 
to press a button and wait on an adjacent bench for 
assessment (Fig. 27-2). This would enable the patient to 
participate in their care by announcing their presence 
and thereby avoiding accidental secondary contamination 
of the department. Local facilities that manufacture, 
transport, or utilize HazMat and are at risk of employee 
exposure should be notified of this unique triage system 
and can be involved in routine HazMat exercises at the 
hospital. In case the unsupervised contaminated patient 
does not initiate this process of self-activated triage or 
cannot participate with or cooperate with such a system 


(in several appropriate languages) 
If you believe that you have been exposed 
to a hazardous chemical, 


Press the red button below and sit on this bench. 
A member of the hospital staff will be out shortly 
to assess your condition. 
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due to language problems or an inability to read, staff must 
be appropriately trained to cope vvith this circumstance. 

As soon as hospital personnel recognize the presence of 
a contaminated patient, the hospital HazMat response 
plan should be activated. This will enable a specially 
trained team to do the following: 


m Determine the extent of patient contamination 

m Assess the possibility of other victims 

m Activate the hospital decontamination plan 

m Instruct the patient to disrobe, while awaiting decon- 
tamination, in an environment that maximizes privacy 

m Setup the decontamination area 

m Don PPE 

m Begin patient decontamination 

m Provide patient care as needed 


In the event of a terrorist attack or sudden event as- 
sociated with an explosion or the release of chemicals or 
radioactive materials, one should assume that the victims 
who present to the hospital for assessment or care are 
chemically contaminated. It is difficult or impossible to 
rapidly prove with certainty in the initial moments after a 
terrorist attack whether HazMat have been used to cause 
harm to the community. Although some chemical detec- 
tion equipment exists, patients will likely present to the 
hospital for care before this assessment has been com- 
pleted. The chemical detection equipment is not totally 
reliable and measures only a few types of chemicals. In 
addition, these resources are not readily available to hos- 
pital staff. Fire and HazMat personnel have the capacity to 
detect certain types of chemicals, and many have expanded 
this capacity to include some military chemical agents. 

If the hazardous chemical is identified, product infor- 
mation can be obtained from the fire department or the 
HazMat response team at the scene of the incident, from 
the regional poison center, or from the material safety 
data sheet (MSDS). An MSDS is an informational docu- 
ment produced by chemical manufacturers, which must 
be made available to all individuals involved in the manu- 
facturing, shipping, and handling of a hazardous chemical 
or material. It contains information on the chemical’s 
physical properties, health and safety issues, PPE, and de- 
contamination, as well as information regarding safe use, 
storage, and disposal procedures. Although the informa- 
tion is not specifically applicable to health care providers, 
it can assist the decontamination team members in select- 
ing the appropriate level of PPE and the decontamination 
procedure. The MSDS can be obtained from various 
sources, including the patient, his or her employer, the 
manufacturer, regional poison control centers, over the 
Internet, and various other computer databases (38). 

Concerns regarding the threat of a terrorist attempt 
have complicated hospital preparedness for the manage- 
ment of contaminated victims. In some cases, care is 
delayed although the threat of a terrorist attack utilizing 


military chemical weapons is assessed. Patient decontam- 
ination should not be delayed while awaiting chemical 
identification, whether from a terrorist attack or an indus- 
trial incident provided that adequate PPE for first receivers 
is made available and used. Although having detailed in- 
formation about the involved chemical before the arrival of 
contaminated victims is ideal, this is not always possible. 
In some cases, the offending chemical is never determined. 

Ideally, patients should be decontaminated before med- 
ical treatment to protect the caregiver. In some circum- 
stances, however, trained personnel wearing appropriate 
PPE might offer medical treatment and decontamina- 
tion simultaneously. Hospitals should have a portable 
treatment cart for emergent situations, which contains an 
oxygen tank, manual bag-valve-mask device, oxygen masks 
and connections, oral and nasal airways, bronchodilators, 
eye wash equipment, bandages, splints, and specific an- 
tidotes (e.g., cyanide kit, atropine). Some teams might, 
after exercises and practice, choose to have intubation 
equipment as well. Appropriate long-handled instruments 
should be available to handle contaminated or potentially 
radioactive materials. 

Medical treatment for contaminated patients can be 
symptom-specific as the following illustrates: 


m Eye irritation: treated with irrigation in the showers, 
followed by Morgan lens irrigation, medical assessment, 
and cycloplegia (pupil dilation). Slit lamp examination 
might be required after tear gas exposure. 

m Pulmonary irritation: treated with bronchodilators and 
oxygen, possibly with steroids for more severe bron- 
chospasm. 

m Skin irritation: addressed with soap and water washing 
and routine burn therapy. 

m Nausea: treated with parenteral antiemetics. 


If adequate time is available, contaminated wounds 
should be treated before decontaminating the rest of the 
body. This is best accomplished with the patient sitting 
on a chair inside the decontamination system. A handheld 
sprayer that is adjusted to provide a gentle flow of water 
should be used. After the wound has been decontami- 
nated, it should be covered with a water-resistant dressing 
before the surrounding skin is decontaminated. In the 
case of radiation contamination, the irrigation runoff 
can be surveyed to assess the effectiveness of the de- 
contamination. Continued evidence of contamination will 
require repeated washings, and it may necessitate surgical 
debridement. 

Body orifices, such as the eyes, mouth, and nose should 
be decontaminated immediately to reduce the rate of 
absorption of the toxin. This can be initiated during 
decontamination and definitively completed in the ED 
after decontamination. The eyes are anesthetized with a 
topical anesthetic and irrigated with at least 1 L of normal 
saline or lactated Ringer’s solution. Intravenous tubing 
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(or Morgan lens) can be used to direct the stream from 
the inner canthus of the eye to the outer canthus to avoid 
contaminating the tear ducts. In the case of a corrosive 
(acid or base) substance, the pH of the conjunctival sac 
should be checked before and after irrigation to determine 
if it has returned to normal (tears have a pH of 7.3 to 7.7). 
If not, the irrigation process should be continued. 

In the event of radioactive contamination, biological 
samples should be obtained from the nostrils and ears with 
separate (right and left) cotton buds that are appropriately 
labeled, timed, and dated. Contamination of the mouth, 
nose, or ears requires frequent rinsing with tap water or 
sterile saline. To complete the decontamination process, 
brushing of the teeth and cotton swabbing of the nose and 
external ear canal may also be necessary. 

Inhaled toxins or irritants may cause mucous mem- 
brane irritation, cough, wheezing, or stridor and may 
lead to airway compromise in severe exposures. These 
symptoms may be acute (e.g., anhydrous ammonia, 
organophosphates, sulfur dioxide, or hydrochloric acid) 
or delayed (e.g., chlorine or phosgene), and in the case of 
smoke inhalation may be compounded by the presence of 
combustion by-products. Treatment requires immediate 
evacuation from the area, removal of clothing, and appli- 
cation of oxygen and bronchodilators for bronchospasm. 
Under certain circumstances (e.g., soot in the upper air- 
way, facial burns, stridor, hoarseness, rales, or cyanosis) 
intubation may be required. Minimally, symptomatic pa- 
tients should be observed in the ED (or in a medically 
supervised area after an MCI) for at least 6 hours. 


CONCLUSION 


Massive quantities of HazMat are stored and transported 
through communities daily. Hazardous chemicals are 
routinely utilized at work and at home in all communities, 
both large and small. Accidental contamination with 
chemicals is a common community event. Terrorists 
have shown the willingness and the capacity to use 
hazardous chemicals when attacking civilians. Hospitals 
must be prepared to offer care to these victims, whether 
chemical exposure is accidental or intentional. Once a 
hospital has mastered the technique of decontaminating 
one victim, they can build on these skills to treat 
additional victims. The assessment, decontamination, 
and treatment of mass casualties will require advance 
planning, extraordinary resources, and close coordination 
with local fire departments, HazMat response groups, and 
health departments. 

Federal funding has supported the distribution of large 
quantities of PPE to hospitals across the nation. In many 
cases, however, the routine management of individuals 
exposed to hazardous chemicals remains a challenge for 
many hospital EDs. To begin the preparedness process, 


every ED should have the capacity to safely assess, 
decontaminate, and treat at least two patients exposed 
to a HazMat (32). This minimum level of preparedness, 
which can be expanded on the basis of HVA results 
and community needs and threats, mandates specific 
policies and procedures, PPE, decontamination systems, 
and OSHA-specified training. The vast majority of HazMat 
exposures involve only a few victims (37). 

This reasonable model of preparedness for the victims 
of HazMat exposures, augmented by an awareness of the 
medical consequences of terrorism and MCIs, should be 
adequate for most HCFs. The need for mass casualty 
preparedness should be based on regional HazMat and 
terrorism threat assessments (39). Selected HCFs identi- 
fied by regional consensus could offer an expanded and 
more expansive mass casualty response capacity that is 
supported by state and federal finance. 

The specific chemical threats, especially those that 
could be used by terrorists, may vary by community. 
Information from ATSDR suggests that industrial chem- 
icals could provide terrorists with effective and readily 
accessible materials to develop improvised explosives, in- 
cendiaries, and chemical hazards (40). Weapons of war 
have changed and so have the tactics. More than 90% 
of the casualties of war are civilians (41). Attacks on in- 
dustry during a war threaten surrounding civilians. Iraq 
destroyed the oil wells in Kuwait during the Persian Gulf 
War causing an enormous respiratory threat due to burn- 
ing oil. In Croatia, a large local petrochemical plant was 
attacked on numerous occasions by the Yugoslavian Serbs 
in an attempt to expose civilians to hazardous chemicals, 
including anhydrous ammonia, sulfur, nitric acid, sulfuric 
acid, phosphoric acid, heavy oil, and formaldehyde (42). 

Most facilities should be prepared to treat victims of 
nerve agent attacks. Iraq used these chemical weapons 
against Kurdish tribesman and Iranian soldiers. In addi- 
tion, the religious sect Aum Shinrikyo used sarin against 
Japanese civilians. The antidotes for nerve agents, atropine 
and pralidoxime chloride, should be available at the HCF. 
Although patients exposed to a lethal dose of nerve agent 
can die quite rapidly, some of those who survive may 
benefit from antidote therapy. 

Sulfur mustard, used extensively by both sides in World 
War I, is stored in large quantities worldwide. No antidote 
exists for sulfur mustard. 

In his book, Biohazard, Alibek describes the for- 
mer Soviet Union’s development of numerous chemicals 
and biological agents for which currently there are no 
effective treatments or antidotes, other than supportive 
measures (43). 

Therefore, owing to the varied threats posed by a terror- 
ist attack, the reasonable course for HCFs is to prepare for 
a generic unknown hazard. This offers HCF personnel the 
most protection in the event of an attack. Medical assess- 
ment for toxindromes and antidote therapy will proceed 
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once the patient has been decontaminated. In some cases, 
antidotes may be administered before decontamination 
by appropriately protected medical and EMS personnel. 

Once HCFs develop policies and procedures that meet 
the minimum standard, how will hospitals expand their 
capabilities and manage mass casualties? An Israeli model 
for mass casualty management after a terrorist attack is 
a commonly cited approach (44). Ambulatory and non- 
ambulatory levels of care are managed in an orderly 
manner according to triage criteria. Advanced airway 
management, bleeding control, and antidote therapy are 
administered by trained practitioners wearing appropriate 
PPE in the warm or contaminated zone. Manpower de- 
mands for this system are extreme, and they might require 
a dedicated in-house specialty response team (Fig. 27-3). 

A European model using critical care specialists to 
deliver advanced airway management in the warm zone 
has been proposed by a number of authors (45-47). In 
the United States, few programs use anesthesiologists 
or critical care specialists for airway management in 
the ED, much less in the field. The Israeli model 
uses anesthesiologists, and other medical specialists, for 
advanced airway management at the initial triage site. 

As an example of a hospital plan, George Washington 
Medical Center has developed an in-house chemical mass 
casualty decontamination system (35). This system was 
developed because of the proximity of numerous federal 


Contaminated 
area 


Initial triage site 
əl Tage team ] 
point 


v 
Nonambulatory casualties | 
decontamination 


Decontamination site 


Ambulatory 77 
decontamination 


Reduced triage 
Main triage site team 


Resuscitation site 


v v 
Severe Moderate Combined ( Pediatric Mild 
casualties casualties casualties casualties casualties 
site site site site site 


v 


Hospitalization 


Out-of-hospital 
facilities 


Clean 
area 
Back 
home 


FIGURE 27-3. Hospital deployment plan for the management 
of mass casualties from a toxicological event. 


buildings in VVashington, D.C. and the perceived need 
for an expanded decontamination capacity. Many other 
facilities have developed similar systems. 

Several fire departments have developed a system of 
decontamination using tvvo fire trucks spraying vvater on 
an open area, a technique that has been called Rapid 
Access Mass Decontamination or RAM Decon. 

Commercial systems for the management of contam- 
inated mass casualties are available. These systems are 
based on portable collapsible shovver designs, trailers, and 
tents (48). 

Many of these MCI management models assume that 
large numbers of critically ill survivors will be present. 
In most studies, however, 80% to 90% of the victims are 
ambulatory, and they consist of the minimally injured 
or worried-well. Mass casualty response plans should fo- 
cus on rapid decontamination (clothing removal) and the 
evacuation of the ambulatory victims. Then, advanced 
rescue teams (e.g., fire, HazMat response teams) can use 
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FIGURE 27-4. Triage for decontamination: community HazMat 
versus mass casualties. 
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protective gear to evaluate and rescue the nonambulatory 
survivors from the hot zone. Hospitals should reserve 
their advanced assessment and treatment modalities for 
the most critically injured. Ambulatory survivors can 
be assessed and treated at an off-site medical facility 
(Fig. 27-4) (49). 
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Mass Gathering Medical Care 


Steven J. Parrillo 


A person is smart; people are dumb panicky dangerous 
animals and you know it. 
Agent K (Men in Black - 1997) Sony Pictures 


In 1986, Sanders stated that “emergency medical care 
at public gatherings is haphazard at best and dangerous 
at worst” (1). In a similar vein, Weaver said, “There are 
surprisingly few data from which to plan the emergency 
medical needs for public events and no recognized 
standards or guidelines for providing emergency medical 
services at mass public gatherings” (2). As recently as 1999, 
the National Association of EMS Physicians (NAEMSP) 
noted that very few states have legislation that regulates 
mass gathering medical care (MGMC) (3). The NAEMSP 
and the American College of Emergency Physicians 
(ACEP) have published position papers and guidelines 
to help remedy the problem (3,4). 

The goals for medical care at any such event are 
basically twofold: (a) provide on-site medical care and 
(b) preserve the availability of the emergency medical 
service (EMS) system to provide normal services (5). 

Most authorities define a mass gathering as a group ex- 
ceeding 1,000 persons, although some prefer the number 
25,000. Much of the relevant medical literature discusses 
gatherings in excess of 25,000 persons. Virtually every au- 
thor states that there is no universally accepted definition 
of MGMC. Some believe that a mass gathering is better 
defined as any event that requires its own EMS response 
plan, although that decision may be based on many fac- 
tors. Articles have been published about care during the 
1969 United States antiwar demonstrations (6), the Los 
Angeles Olympics (7), the 1986 World Expo in Vancou- 
ver (1), rock concerts (8-10), National Football League 
games (11), the Calgary Olympics (12), the Indianapolis 


Portions of this chapter were previously published by the author in modified 
form in Parrillo SJ. Medical care at mass gatherings: considerations for 
physician involvement. Prehosp Disaster Med 1992,20:141—144, and in 
Parrillo SJ. EMS and mass gatherings. Emedicine Journal 2004;2 and are 
being used with permission. 
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500 (13,14), college football games (15), papal masses (16), 
and the huge 2003 “Toronto Rocks” Rolling Stones con- 
cert (17). Even the New York Times reported that 5,000 of 
the 400,000 persons at Woodstock festival in 1969 needed 
medical attention, some for childbirth. 


PLANNING BEFORE THE EVENT 


A properly planned event will be able to meet the needs 
of all those who seek help, no matter how minor or ma- 
jor the complaint, in an expeditious, cost-effective, and 
efficient manner. Planners must recognize that although 
most complaints will be minor, advanced life support 
(ALS) and rapid transport must be available for those in 
need. Typically, event sponsors and designated prehospi- 
tal and medical personnel meet with a wide array of other 
agencies, months in advance. Hnatow and Gordon identi- 
fied the following major elements of planning: crowd size, 
personnel, medical triage and facilities, medical records, 
public information and education, mutual aid, and data 
collection (16). More recently, the NAEMSP cited 15 com- 
ponents that must be addressed in planning: physician 
medical oversight, medical reconnaissance, negotiations 
for event medical services, level of care, human resources, 
medical equipment, treatment facilities, transportation re- 
sources, public health elements, access to care, emergency 
medical operations, communications, command and con- 
trol, documentation, and continuous quality improvement 
(CQI) (3). The NAEMSP has produced a proprietary 
comprehensive document entitled Mass Gathering Med- 
ical Care: The Medical Director’s Checklist which discusses 
each of those elements in detail (18). 


STRUCTURES AND LOCATIONS 


Virtually every imaginable structure has served as a venue 
for mass gatherings. Likewise, reports of mass gatherings 
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come from many countries, but most are set in the United 
States and the United Kingdom (5). The type of structure 
and the surrounding geography play a significant role in 
the planning for the event. Most patients are treated at a 
predetermined site vvithin the venue, and they must either 
get to that site by themselves or must be brought there by 
someone else. A different model calls for the medical team 
to be able to travel to the patient in need. 

Planners must consider the following: 


m Transport of patients to treatment sites 

m Routes to treatment sites 

m Routes EMS personnel may need to take to reach 
patients 

m Optimal number and placement of treatment sites 

m Possible obstructions to patient flow 

m Egress routes to other facilities 

m Availability of other facilities 

m Environmental realities of the location. 


Planners may want to consider using regional first aid 
stations that may then refer the more serious cases to 
the main treatment facility. Even if this is done, however, 
some patients will likely bypass the first tier and come 
directly to the main treatment area. 


MEDICAL USAGE RATES 


Authors have recently begun to define medical usage rates 
(MUR) either as a percentage of patients or as patients 
per ten thousand (PPTT) persons in attendance. The latter 
is derived by dividing the number of patients treated by 
the number of attendees multiplied by 10,000 (19). MUR 
vary widely. At the 1986 Vancouver World Exposition, 
the average rate was relatively high (1). At the 1984 Los 
Angeles Olympics, the rates varied from low at the soccer 
venue to high at the rowing and canoeing venue (7). When 
usage is divided into acuity levels, as was done at the 1988 
Calgary Olympics, the majority was low acuity, with only 
a very small minority having high acuity problems (12). 
Several authors note that usage rates are generally higher 
in settings where groups are allowed to move about 
more freely (5,19). Such mobility allows for more minor 
trauma and exposure-related or exertion-related illnesses 
than in events where spectators are seated for most of 
the time. 


TYPE OF EVENT 


Crowds come to mass gatherings out of specific interest 
for the event. The nature of the event and the nature 
of the individuals interested in the event dictate the 
characteristics of the patient population. The participants 
for a rock music concert are likely to be quite different 


from those attending the Indianapolis 500. Reports of care 
at papal masses and rock concerts indicate a high rate 
of hospital admission among participants (5,8-10,16,19). 
Although gatherings are commonly a collection of well 
people, exceptions have been reported. Fulde reported on 
care at a “Concert For Life” in Australia (8). The event was 
held to benefit a cardiac research center and an acquired 
immunodeficiency syndrome (AIDS) service. It attracted 
large numbers of cardiac patients, including transplant 
recipients, and symptomatic patients with AIDS. People 
of all ages attend sporting events. One author states that 
the reality of serious cardiac disease in any mass gathering 
should prompt the strategic placement of automated 
external defibrillators (AEDs) and the assurance that 
personnel have had appropriate training in their use (15). 
Crocco et al. developed a formula to determine the number 
of AEDs needed at mass gatherings (20). 

Alcohol or other drug encounters are likely to occur at 
rock concerts and sporting events. Erickson et al. reported 
a high usage rate at five concerts (21). Bowdish et al. 
reported alcohol as a significant factor in the Indianapolis 
500 race (13). Ina review of the MGMC literature, Milstein 
noted that the type of patient encounter is determined 
by the weather, event type, event duration, age, crowd 
mood and density, attendance, and alcohol/drug use (19). 
Most encounters are minor occurrences such as headache, 
minor abrasions, lacerations, burns, and insect stings. 
Concerts with “mosh pits” tend to generate numerous 
musculoskeletal injuries (19). Individuals attending papal 
masses and rock concerts are more likely to suffer serious 
illness during the event (5). In addition, problems specific 
to the type of event can be expected. Auto races are 
more likely than most other events to generate patients 
with serious injury. Table 28-1 demonstrates common 
clinical entities associated with specific mass gathering 
events. 


) TABLE 28-1 Clinical Entities Associated with 
Specific Mass Gathering Events 


Event Associated Injuries and Illnesses 


Rock concerts Drug and alcohol intoxication 

Minor trauma 

Serious trauma (most teams have their own 
medical personnel) 

Civil Moderate to severe trauma 
demonstrations Riot control agent exposure 

Sporting events Minor trauma 
(professional Alcohol and drug intoxication 


Olympic events 


and collegiate) Heat injury 
Cardiac events 

Citizen events (e.g., Heat injury 

runs, walks, and Cold injury 


races) Physical exhaustion 
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CROVVD CHARACTERISTICS 


Milstein recently described the variables that influence 
MUR. Event type and apparent temperature vvere the best 
predictors of MUR, specific injury patterns, and levels 
of care (22). To assume that longer events with larger 
numbers of people will generate more casualties seems 
to make intuitive sense but is not borne out in all the 
literature. However a 25-year review of English language 
articles demonstrated a strong correlation between crowd 
size and event duration and the use of medical facilities (5). 


ENVIRONMENTAL INFLUENCES 


Warm weather events increase the likelihood of heat- 
related problems especially among the athletes but also 
among the spectators. Weather is one of the most 
important variables in medical usage (19). Several years 
ago, the American College of Sports Medicine issued a 
position statement that strenuous events be postponed 
or canceled at certain “wet bulb” temperatures, which 
are derived from a combination of several environmental 
factors. Cases of heat cramps are more likely to be 
seen than cases of heat stroke. However, even well- 
trained athletes may suffer heat stroke. Insect stings occur 
primarily in warm weather. Most cardiac arrests occur 
most commonly in temperate conditions (5). Cold weather 
decreases the total number of injuries, but produces 
a variety of injuries and illnesses that are unique to 
colder temperatures (23). Events such as the annual 
Birkebeiner cross-country ski race in Wisconsin occur over 
a broad geographical range, presenting other logistical 
challenges. 

Hypothermia may occur in settings that do not neces- 
sarily involve cold temperatures. It is especially likely in 
mass gatherings involving water, such as triathlons or citi- 
zen swim meets. The presence of rain in a non-vvater event 
markedly increases the likelihood of hypothermia. Mis- 
cellaneous environment-related problems might include 
lightning, flooding, and injuries related to low ambient 
illumination (e.g., tripping and falling). 


PUBLIC HEALTH CONCERNS 


Planning for the medical response for mass gatherings 
requires a multidisciplinary approach that includes emer- 
gency medicine, EMS, and public health. The plan must 
include provisions for drinking water and sanitary facil- 
ities (23,24). Shelter may also be a concern, especially 
with a lengthy or multiday event or in adverse weather 
conditions. In the post 9/11 environment security must be 
considered, especially at high-profile events. 


STAFFING 


Michael and Barbera pointed out that a critical analysis 
of staffing patterns has not been undertaken. The fact 
that the many reported staffing patterns have worked 
leads to the conclusion that various patterns have proved 
to be adequate (5). Most of the published guidelines 
are general in nature and the event planner must 
take many variables into consideration. Authors have 
suggested various staffing models (1,2,5). Most authorities 
believe that the overwhelming majority of patients can 
be triaged and treated effectively by registered nurses 
and paramedics (1,2,7,12-15). The ideal situation is 
probably accurate triage by nonphysicians with the 
rapid referral of appropriate cases to physician-level 
care (12). 

Sanders et al. recommend one to two physicians 
for every 50,000 persons and two paramedics or one 
paramedic or emergency medical technician (EMT) team 
for every 10,000 persons (1). This group also suggests 
the following capabilities as the minimum standard: 
(a) basic first aid and basic life support within 4 minutes 
(b) ALS within 8 minutes and (c) evacuation to a hospital 
within 30 minutes (1). Several authors have suggested 
that part of the preparation of the nonphysicians should 
include cardiopulmonary resuscitation (CPR) training and 
instruction in the use of the AED (2,15). Recognizing that 
heat-related problems make up a large part of the more 
serious illnesses, Lukins described an effective paramedic- 
staffed medical rehydration unit (25). 

The question is often raised about whether the need 
truly exists for physicians to be present at the site of mass 
gatherings. There is general agreement that a physician 
should be the medical director (3,26). The complexity and 
the unpredictability of these events require a physician in 
the planning process and the availability of a physician for 
advice during the event (16,27,28). The more the chance 
of significant trauma, the more likely the event sponsor 
will demand that a physician be on scene. Physicians 
must be involved in the formulation of protocols, policies, 
and standing orders (3,26,27). Some planners suggest 
that on-line medical control is sufficient to prevent the 
unnecessary referral of patients from the event to the 
hospital (2), although others believe that an on-scene 
physician does this best (28). Regional medical command 
requirements will also need to be considered. Varon stated 
that physician services should be present and that proper 
equipment, tools, and life-support medications should be 
available at all mass gatherings (29). 

Advocates of physician presence at mass gatherings 
note the following as well: 


m The likelihood of serious trauma has been the impetus 
for having physician care available at auto races since 
the early 1900s (7,13,14). 
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m The potential of a long distance travel to definitive care 
makes the physician’s presence valuable (12). 

m The event sponsor is much more satisfied with a 
physician present (12,27). 

m Decreased hospital impact, improved disaster response, 
and improved media coverage will be observed if a 
physician is present (12). Additionally, the decrease in 
number of transfers to hospital should decrease the 
demand for local EMS (30). 

m The presence of a physician allows competent prehospi- 
tal personnel to work under protocol with the knowledge 
that help is immediately available if it is needed (7). 

m Much of the research into care at mass gatherings 
has been done by the physicians who developed and 
implemented the response plans. 

m For special events, many physicians will volunteer their 
time (11). 


The physician at a mass gathering must be able to 
anticipate and deal with the types of casualties that are 
likely. The emergency physician is the logical choice for 
an on-site responder, especially because mass casualty 
incidents may occur. Waeckerle remarks that “emergency 
physicians are usually the most appropriate for this role, 
because they are familiar with the system and personnel 
providing care before hospitalization; they are practiced 
in rapid assessment, basic treatment, and triage; and they 
have a good working rapport with other specialists needed 
during the response” (31). 

As the specialty of emergency medicine continues to 
mature, some residency programs recognize the value 
of teaching mass gathering medicine to their residents. 
Wright State residency developed an educational model 
that includes the following: 


m Adequate crowd size to generate useful patient volume 

m Regularly scheduled events 

m Organized medical and disaster preparations meeting 
local or published standards 

m Didactic instruction on history, principles, and current 
issues 

m On-site attending physician supervision 

m Degree of responsibility appropriate for the level of 
training 

m Participation in planning and organizing 

m Postevent briefing (32). 


EQUIPMENT 


Choice of equipment will depend on the types of injury 
and illness the staff expects to encounter. Because the 
vast majority of patients are likely to present with minor 
soft tissue injury and minor medical problems, there must 
be an adequate supply of irrigation fluid, dressings, and 
analgesics. 


) TABLE 28-2 Basic Equipment and Supply List for 
Mass Gatherings 


Advanced life support Medications 
Automated external defibrillator Atropine 
Cardiac monitors and defibrillators Morphine 

Airway equipment Dextrose 50% 
Laryngoscope and blades Albuterol 
Surgical airway kit Nitroglycerine 
Oxygen administration equipment Aspirin 
Bag-valve masks Diphenhydramine 
Suction devices Naloxone 

Standard equipment Lidocaine 
Bandages Epinephrine, 1:1000 
Immobilization devices Adenosine 
Intravenous fluids, catheters, and Furosemide 

administration sets Analgesics 


Syringes and needles 

Stethoscopes 

Mobile radio sets 

Pneumothorax kit with Heimlich valve 


Important medical equipment includes airway devices, 
defibrillators, intravenous fluids, and key medications. 
High profile events might warrant consideration of at- 
ropine, 2-PAM, masks with filters, and so on. Nonmedical 
supplies might include blankets, gurneys, sheets, and the 
staffs choice of documentation (from paper record to lap- 
tops and spreadsheets). Suggested supplies for a medical 
response kit are listed in Table 28-2. The NAEMSP Di- 
rector’s Checklist provides a much more comprehensive 
list (18). 


FINANCIAL CONSIDERATIONS 


In most cases, the event sponsor will be responsible for the 
expenses incurred in the planning and delivery of medical 
care (3,33,34). Other models depend on care provided by 
local EMSs, hospital personnel, or others, frequently on 
a voluntary basis (35). Financial arrangements will vary 
depending on circumstances, but they should be arranged 
with each venue and service provider, well in advance of 
the event (3,18,26). 


COMMUNICATION 


Good communication is essential for the successful op- 
eration of any large medical activity. Communication 
techniques used in mass gatherings should closely par- 
allel daily communication techniques used by the health 
care service providers. Personnel must know how to com- 
municate with each other. As with disaster and mass 
casualty incidents, radios will provide the bulk of the com- 
munications. Landline telephones are helpful, if available. 
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Cellular telephones may also be considered, although their 
use may be limited by the local infrastructure (36). For 
larger events, a centralized command post and system 
redundancy is the key. Use of the Incident Command 
System would provide inherent benefits familiar to most 
physicians who would want to serve as a director (26). 


DOCUMENTATION AND REPORTING 


Many authors admit that a written record will probably 
not be generated for the vast majority of trivial visits. 
However, all agree that good records must be kept for all 
except the most trivial encounters. Documentation pro- 
vides not only a medical record but also a tool for legal, 
risk management, and CQI purposes. Standard items in- 
clude demographical data, brief medical history, type of 
illness or injury, treatment rendered, and disposition (2). 
Good documentation is especially important in Ameri- 
can Medical Association (AMA) situations (26). Various 
commercially available databases can be used. Standard 
spreadsheets can be easily modified to meet event docu- 
mentation needs. Good records must absolutely be kept 
for those patients sick or injured enough to be sent to 
a hospital (7,11,12,26). Michael suggests that events be 
categorized not only by their own characteristics but also 
by the characteristics of the spectators. In that model, 
record keeping would include age, gender, and socioe- 
conomic status of spectators; the availability of alcohol 
and other drugs; and any other important variables. When 
these factors are combined with event characteristics, 
such as weather, audience mobility, and dangers spe- 
cific to the site itself, future planners will be better able 
to predict event needs (5,19,22). The use of handheld 
digital devices for medical record documentation during 
mass gathering events may expedite and improve record 
keeping. 


TRANSPORTATION 


The discussion of transport and patient movement raises 
several issues regarding mass gatherings. How will the 
patient access the triage and treatment areas and how will 
EMS personnel reach patients unable to ambulate? Con- 
sideration needs to be given to the equipment paramedics 
may use and in what manner that equipment will be car- 
ried. The locations of patient litters or backboards should 
be logical and easy to access. Some authors have sug- 
gested the use of a jump bag with appropriate medical 
supplies (36). Specific routes should be marked to direct 
patients to medical treatment areas. Planners must decide 
how these routes will be marked and in what languages. 
Careful selection of the location of patient treatment areas 
is paramount. 


Ambulance staging areas should be within easy access 
of the medical treatment stations. Planners must consider 
the roads that would be available for ambulance traffic 
as well as the physical obstructions ambulances may 
encounter. In addition, the plan should consider the 
number of ambulances that should be kept at the site 
as opposed to those that are on call. If air medical 
transportation is necessary, a clear and safe landing 
zone must be established and maintained. The receiving 
hospitals for patients should be determined in advance, 
and mechanisms for notifying these hospitals of incoming 
patients must be implemented previously. 


INTERAGENCY AND HOSPITAL 
ASSISTANCE 


Essential agencies that should be involved in the planning 
of care for mass gatherings include emergency medicine, 
EMS, fire department, police department, local hospitals, 
and possibly the local chapter of the American Red Cross. 
As with mass casualty incidents, advance planning is 
essential to assure the delivery of needed health care. With 
regard to interagency coordination, anyone who might be 
involved in an event should help with the planning (17,27, 
36). Written mutual aid agreements should be obtained 
from agencies that may be needed (5,27,36,37). 


SUMMARY 


Mass gathering events present emergency care personnel 
with complex patient care and transportation problems. 
Primary variables in planning include weather, event type 
and duration, crowd mood and density, attendance, the 
location of the event, the presence of alcohol or drugs, 
and access to local or regional emergency facilities. 
Available information regarding medical support for such 
events provides guidelines for future pre-event planning. 
Preparations for mass gathering events should be based 
on valid assumptions to obtain optimal results. 
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Maritime Disasters 


Jennifer Eischen 


“If one does not know to which port one is sailing, no 
wind is favorable.” 
Seneca (5 BCE-65 CE) 


On April 27, 1865, America’s worst maritime disaster 
occurred. Abraham Lincoln was shot just days before and 
America’s attention was aimed at Washington D.C. and the 
president. However, this disaster claimed an estimated 
1,700 American lives that day. The boat had a carrying 
capacity of only 376 passengers and 85 crew members, 
but as many of the passengers were recently released 
Union Prisoners of War, they were very anxious to get 
back home. A “compassionate” exception was made to 
bring the men home on the Sultana. More than 2,300 
men plus supplies and livestock boarded the vessel. Most 
of these men had been seriously injured at war and 
were weakened, in some cases diseased and weary from 
battle. 

The Sultana was ordered to bring the Union soldiers 
from a prison camp near Vicksburg, Mississippi, to Cairo, 
Illinois, where they would be released from service. As 
the Sultana riverboat made its way up the Mississippi 
carrying its human cargo, a detonation and fire sent the 
steamboat to the bottom of the river. One of the boilers had 
exploded and soon the fire spread throughout the wooden 
steamboat causing it to burn and sink approximately 7 
mi north of Memphis, Tennessee. The Mississippi River 
was at flood level that day and many of the levees 
and dikes had been damaged from neglect and 4 years 
of war. The current was strong on the river and the 
already weakened Union soldiers who had survived the 
explosion and fire were too infirm to swim the dark waters 
to safety. Thousands died that day trying to get back 
to their families in the hope of healing both mentally 
and physically from war (1). Although this tragedy took 
place almost 150 years ago, similar disasters still plague 
ships and claim lives. This chapter will review disasters 
that can occur in a maritime environment and the 
necessary measures needed to treat maritime disaster 
casualties. 
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EPIDEMIOLOGY OF MARITIME 
DISASTERS 


Mass loss of life is not a common occurrence in maritime 
incidents. According to the United States Coast Guard 
(USCG), maritime mass loss of life is defined as an incident 
in which five or more individuals are killed (2). From 1983 
to 1993, 2,559 deaths and 15,778 injuries were reported 
to the USCG Maritime Mishap System. Almost 50% of the 
deaths and more than 75% of the injuries reported were 
due to onboard incidents that were not related to the oper- 
ation of the vessel (e.g., falling overboard, crush injuries, 
and fires) (2,3). Most of the injuries are associated with 
ships having a high intensity of industrial activity, such as 
fishing vessels. The type of vessel and the injury rate based 
on the reports to the USCG are demonstrated in Fig. 29-1. 
Although mass loss of life is generally uncommon, it 
can be dramatic when a highly populated vessel such as 
a passenger liner or ferry is involved. The ferry vessel 
Estonia left Tallinn, Estonia, on the evening of September 
27, 1994, bound for Stockholm, Sweden. Human error 
resulted in a failure to close the watertight bow loading 
doors, causing the vessel to take on water quietly during 
the rough seas. On September 28 at 2:00 AM, the vessel 
sank in the Baltic Sea, taking 852 lives and leaving 
only 137 survivors. Worldwide casualty statistics in 1996 
indicated that 1,559 individuals lost their lives sailing or 
working on 180 separate vessels of more than 100 gross 
tonne in size (4). Of these deaths, 1,200 (77%) were from 
two ships. The Gurita ran aground and foundered, killing 
338; and the Bukoba, a ferry that was overloaded with 
passengers, capsized, killing 869. These densely populated 
vessels represent a potential for profound loss of life. 


ETIOLOGY OF MARITIME DISASTERS 


The definition of a disaster as an event resulting in a 
mismatch of casualties seeking medical care and the 
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FIGURE 29-1. Reported percentage of injury by vessel type 
(from data provided by the United States Coast Guard). 


availability of such care takes on a new perspective 
when applied to the maritime situation. At sea, the 
“communities” are very small, isolated, and the resources 
minimal. Currently, huge freighters may carry a crew 
of 12 to 24 persons; only one or two of these have 
any knowledge of medical care. A ship’s medical chest 
may be the entire complement of medical resources 
available. Compared with shoreside catastrophes, not 
much is required to turn a shipboard emergency into 
a disaster. Maritime disasters can be roughly divided 
into the following four groups: collisions, weather-related 
events, fires, and infectious diseases (5). 


Collisions 


Collisions between seagoing vessels are relatively uncom- 
mon. However, when they do occur, spectacular problems 
are created. The collision of the ocean liner Titanic with an 
iceberg is always evoked as part of this category; however, 
a far greater number of shipwrecks have been caused by 
rocks or reefs (such as the Exxon Valdez disaster) or by 
collisions with other ships (such as the Andrea Doria). The 
combination of navigational hazards and bad weather is 
probably the most common cause of collisions. 

Collisions occur with sudden onset and little or no 
warning. Frequently, damage to the propulsion and 
steering apparatus occurs. If the vessel sinks, it may do so 
either rapidly or slowly, depending on the hull damage and 
weather conditions. The first response is signaled by the 
ship’s alarm (usually seven blasts), which indicates that all 
personnel should don their life vests and proceed to their 
lifeboat stations. If the captain perceives that the situation 
is hopeless, the abandon ship alarm will be sounded 


and the lifeboats will be lowered and boarded. Receiving 
facilities should be prepared to handle traumatic injuries, 
hypothermia, and immersion. The substantial inertial 
forces carried by the vessels during collision result in 
traumatic injuries caused by displacement of cargo and 
humans within the vessel. As such, many of the fatalities 
and serious injuries may be due to the force of the collision 
itself and not as a result of secondary events. 


Weather 


Hurricanes and typhoons in tropical areas, and winter 
storms in the extreme northern and southern latitudes can 
overwhelm the best-prepared ship. Small and ill-prepared 
craft frequently founder or capsize when confronted with 
heavy seas and high winds. Introduce human error (e.g., 
the Baltic ferry Estonia), and the potential for a disaster 
becomes much greater. 

Weather problems generally have a gradual onset with 
some warning. Heavy weather is usually no surprise, 
but its effects—capsizing and foundering—usually are. 
Foundering is often due to some breach of the structural 
integrity of the ship. Rarely can this be repaired in a timely 
manner at sea, and it virtually always results in the loss 
of the vessel. As in the case of collisions, the captain will 
sound the lifeboat alarm when the situation is serious and 
will proceed to abandon ship when it is determined that 
the vessel is no longer safe. Receiving facilities should be 
prepared to handle traumatic injuries, hypothermia, and 
immersion. 


Fire 


Except for some sailboats (and even they have engines 
nowadays), ships are powered by heat-generating engines 
that consume millions of gallons of flammable liquids. Not 
surprisingly, fires are common in this environment. As 
Fig. 29-2 illustrates, approximately half of all fires start in 
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FIGURE 29-2. Starting locations of fires on seagoing vessels. 
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FIGURE 29-3. Casualties and losses on passenger vessels and ferry shipping as a result of fire. 


the engine room. Fig. 29-3 shows the effects of fires on pas- 
senger vessel and ferry shipping over the last 2 decades (6). 

Fortunately, systems have been developed over the 
years by which most maritime fires are easily contained. 
For instance, the telegenic fire on board the cruise ship 
Ecstasy a few years ago could not be classified as a disaster. 
It was never out of control, and it never outstripped the 
resources of the ship. On the other hand, the fire that broke 
out in the laundry room of the Universe Explorer several 
years earlier quickly spread to involve the ship infirmary. 
This rendered the ship medically helpless at a time when 
many passengers were in dire need of medical care. 

The classic case in the fire category, however, is that of 
the Morro Castle. This vessel caught fire on the return trip 
from its maiden voyage to Cuba in 1934. Similar to the 
Titanic, a number of wealthy and famous individuals were 
on board. Unfortunately, the captain died of a heart attack 
the night before the fire. Compounding the problems, 
neither the crew nor the passengers had rehearsed any 
fire drills, and the fire hoses were not readily available. 
In the ensuing confusion, eight of the lifeboats were 
nondeployable. The ship drifted, smoking and charred, 
onto the New Jersey shore. Fig. 29-4 shows the Morro 
Castle on fire drifting to the New Jersey shoreline. 

One of the last true classic ocean liners, the SS Norway, 
was severely damaged by a terrible fire and retired. On 
Memorial Day, May 26, 2003, a boiler room explosion on 
the ship occurred as she was at port in Miami. Luckily, 
only those who worked on the ship were aboard and the 
fire was contained quickly. Unfortunately, there were still 
15 casualties, all male, aged 27 to 53 years. The casual- 
ties were evacuated to the University of Miami, Jackson 


Memorial Hospital Burn Center. The men were triaged in 
the trauma resuscitation area and four were sent to the sur- 
gical emergency department (ED). A number of patients 
suffered from steam inhalation injury. Steam inhalation 
differs from smoke inhalation in the amount of heat car- 
ried by the steam (see Chapter 31). Even with aggressive 
care, six men lost their lives. Massive fluid requirements, 
abdominal compartment syndrome, high mortality, and 
post-traumatic stress syndrome were the distinguishing 
medical features of this mass casualty event (7). 

Fire may develop suddenly with no warning. Frequent- 
ly, damage to the power plant, propulsion, and steering 


FIGURE 29-4. The hapless Morro Castle drifts toward New 
Jersey. 
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apparatus occurs due to the fire, A fire may become a 
disaster without threatening the viability of the ship 
itself because of its effects on the ship’s systems and 
inhabitants. As soon as a fire is detected, a fire alarm 
is sounded and the ship’s fire control team proceeds to 
the scene to try to extinguish the blaze. If a cruise ship 
is involved, the medical team goes to the infirmary and 
prepares to receive casualties. If the infirmary is involved 
in the fire, the medical team sets up a secondary medical 
center with supplies from the ship’s secondary med- 
ical space. Occasionally, a fire will become extensive 
enough to proceed to sounding the lifeboat alarm and then 
to abandoning ship. More frequently, however, the fire will 
be contained, but many people may suffer from its effects. 
The onboard medical facilities can easily be overwhelmed. 
Receiving facilities should expect burns, smoke inhalation, 
carbon monoxide poisoning, and trauma. 


Infectious Disease 


There are an estimated 23 million cases of gastroenteritis 
in the United States each year. Those in confined places 
seem to be at most risk for infection from viruses causing 
gastroenteritis such as in daycare centers, nursing homes, 
and dormitories. A ship is such a place of confinement 
with potential for a medical disaster. 

On land, infectious disease outbreaks rarely progress 
to disaster proportions. However, on a ship with limited 
medical facilities, even a small outbreak can overwhelm 
the system. According to Centers for Disease Control 
and Prevention (CDC) statistics, approximately 1 in every 
400 cruises has an outbreak of diarrheal illness that is 
significant enough (more than 2%-3% of the crew or 
passengers) to warrant epidemiological investigation (8). 
On a 1,000-passenger ship, which usually carries one 
doctor and one nurse, 20 to 30 patients with Norwalk virus 
is definitely a disaster. If one or more of the patients is 
the doctor or nurse, then the situation is grave indeed. On 
a Caribbean voyage of the Regent Sun in 1994, diarrhea 
developed in more than 300 passengers, including both 
the doctor and the nurse. The ship had to be completely 
evacuated, and a new medical team was flown in. 

Infectious outbreaks have a gradual onset with some 
warning. A few days’ incubation period occurs, after which 
cases build up over 2 to 3 days. Usually, passenger liners 
reach the critical point in patient volume toward the end 
of a cruise. Freighters are less susceptible to this kind of 
problem due to a lower volume of food preparation and 
handling (9). The onboard medical team will report the 
outbreak to the captain as soon as it is recognized and will 
begin to take action to control the outbreak. If the cases 
are severe, they may be disembarked at ports of call before 
the end of the cruise, but most passengers elect to stay on 
the ship until their final destination. If the ship is in or 
near American waters, the captain will usually report the 


outbreak to the CDC. The CDC evaluates the situation and 
decides whether an epidemiology team needs to be sent to 
investigate. The captain also notifies authorities and the 
port agent at the final destination so that arrangements 
can be made for care of the ill who are unable to complete 
their previously made travel arrangements. 

Ships are required by the Vessel Sanitation Program to 
report when two or more passengers or crew members 
have a case of gastroenteritis (10). Gastroenteritis is 
defined under this program as three or more episodes 
of loose stools within 24 hours or vomiting with at lease 
one loose stool, abdominal cramps, headache, myalgias, 
or fever. In 2002, the program detected an increase in 
the number of gastroenteritis outbreaks, which increased 
from 7 in 2001 to 21 in 2002 (11). 

Noroviruses, formally called Norwalk-like viruses, are 
the most common etiological agent of acute gastroenteri- 
tis in the United States. In a study examining the molecular 
epidemiology of detected Noroviruses, 14 outbreaks were 
studied, with 12 of these outbreaks aboard cruise ships, 
of which 11 outbreaks of gastroenteritis were due to the 
Norovirus (10). Each outbreak involved rather large num- 
bers of cases with the virus being spread by multiple 
routes (10). Despite efforts at control, the outbreaks con- 
tinued on contiguous cruises, secondary to the resistance 
of noroviruses and the disinfectants used for decontam- 
ination (10). It is easy to conclude that such outbreaks 
of gastroenteritis with severe volume depletion could eas- 
ily overwhelm the medical personnel and resources of a 
maritime vessel. Those most at risk are of course the very 
young and elderly. Although at first glance it may not ap- 
pear like a disaster in the traditional sense, 12 casualties 
who are volume depleted and hypotensive, secondary to 
massive fluid loss become a disastrous event in a limited 
infirmary on board a cruise liner. 

If the CDC decides to investigate, its team will meet the 
ship at the dock and will begin an exhaustive process 
of crew and passenger questionnaires, as well as an 
inspection of the ship. It usually takes a few weeks to 
analyze the data and come to conclusions. Occasionally, 
the ship is taken out of service for a short time to undergo 
extensive decontamination. Shoreside facilities receiving 
casualties from the ship should be prepared to handle 
dehydration, volume depletion, electrolyte problems, as 
well as gastrointestinal and respiratory complications 
depending on the nature of the outbreak. 

A recent study was performed to evaluate patient- 
physician encounters on cruises for 1 calendar year on 
four major cruise ship lines (12). There were a total of 
7,147 new patient visits to the infirmary in a population 
of 196,171 passengers for 1991 among the four major 
cruise lines. Approximately 18% of the visits to the ships’ 
infirmaries were for injuries whereas the rest were at- 
tributed to medical illnesses or other disorders. The most 
common individual diagnoses were upper respiratory tract 
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infections and acute bronchitis, enteritis, and gastroenteri- 
tis, sprains, contusions, superficial wounds, seasickness, 
and medication refill (12). 


MARITIME DISASTER PLANNING 


All ships are required to have a safety plan that in- 
cludes a disaster plan in accordance with the International 
Maritime Organization, International Safety Management 
code, and the Safety of Life at Sea convention. This 
includes the existence of standard procedures and doc- 
umentation of regular drills. The medical department on 
cruise ships is part of this plan and is included in the 
drills. They may have their own section of the disaster 
plan for which they are responsible for upkeep, training, 
and implementation (13). 

On cruise ships, one of the prime disaster-planning 
responsibilities of the medical department is the estab- 
lishment and maintenance of a secondary medical space. 
This consists of two parts as follows: 


1. A space (usually a locker) for the storage of medical 
supplies and equipment that might be needed in a 
disaster, if the main infirmary is inaccessible. This 
storage space should be located distant from the main 
infirmary in a separate compartment of the ship. 
Frequently, it is on or near the bridge. 

2. A space where medical care can be rendered when 
the main infirmary is inaccessible. This space should 
have emergency power and light. It should also be in 
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a separate compartment of the ship from the main 
infirmary and relatively close to the disaster supplies. 
It should be large enough to support both triage and 
primary treatment, and have some holding capacity. 


Communications during a disaster are just as much 
of a problem on board as they are ashore. Most cruise 
ship disaster plans call for radios for all officers and 
the medical team, including the stretcher (or transport) 
team. Each group is assigned a separate channel to avoid 
overload, while the bridge monitors all channels. Often 
the same problems exist with battery supply and the lack 
of familiarity of radio operations and protocols on the sea, 
as on the shore. These problems may be minimized by 
regular radio maintenance and protocol practice. 

Cruise ships frequently carry passengers with medical 
training, and these people can be very helpful in a 
disaster if properly planned for and organized. A volunteer 
management plan that makes use of passenger doctors, 
nurses, and paramedics in triage and first aid should be 
prepared. Volunteer health care providers must be able to 
provide basic documentation (e.g., wallet cards) to verify 
training. In addition, the medical staff should monitor 
volunteers as they provide care. 

For all of the systems mentioned in the previous text 
to function effectively in a crisis, practice is necessary. 
Lifeboat, stretcher team, fire, and basic life-support drills 
should be part of the safety plan and ongoing routine of 
the ship. The sequence of events in a maritime disaster 
response is somewhat different than that in shoreside 
disasters (Fig. 29-5). 
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CASUALTY EVACUATION 


Even the act of removing a casualty from a maritime vessel 
for medical care presents complexities not associated with 
routine terrestrial operations. Movement of casualties 
from ship to ship, ship to air, or ship to land all 
present unique problems depending on the state of the 
emergency, condition of the vessel, weather, severity 
of the casualties, and overall urgency of the situation. 
Deployment of lifeboats, especially in rough seas, is not 
a benign proposition particularly if those boats must 
take on a number of nonambulatory litter casualties. The 
maneuvering of large vessels close enough to allow line 
or plank transfer of casualties requires substantial skill 
on the part of the captain and crew of both vessels. 
Air evacuation at sea is a moderately dangerous affair 
even under excellent conditions. The landing on or a near 
approach of an airframe to a stricken vessel presents 
numerous opportunities for mishap. These operations 
must be practiced and carried out under strict protocol to 
minimize the chance of creating a second disaster. 

In maritime disasters, the hospital is usually a long way 
away. Unless the vessel happens to be in coastal waters 
within a couple of hundred miles of a Coast Guard airbase, 
no chance for rapid air evacuation exists. However, if 
the ship is within helicopter range and patients who are 
critically ill or injured must be evacuated immediately 
to a higher level of medical care, the Coast Guard is 
well equipped to intervene in the situation. Most rotary 
wing airframes at sea have approximately 150 to 300 mi 
of useful range although in-flight refueling can extend 
that range in some cases. Virtually all ships have the 
radio equipment necessary to communicate with the 
Coast Guard, and the protocols and procedures necessary 
to effect a helicopter evacuation are readily available. 
Obviously, a mass casualty evacuation is not possible, but 
a few immediate casualties may be evacuated. 

More commonly, evacuation will be accomplished by 
a military or commercial ship. Vessels tend to travel in 
sea-lanes such that other ships are relatively close by. The 
cases of the Titanic and the Andrea Doria illustrate this, as 
other vessels were able to get to the scene in a matter of 
hours. Nearby ships will respond to distress calls, and they 
can take passengers and crew off a stricken vessel. Military 
ships and the Coast Guard are probably better prepared for 
this than commercial ships because of operational training 
and heavy equipment for severe conditions. However, if 
the number of people to be evacuated is large, military 
ships may be at a disadvantage because they have little 
extra space. Cruise ships or even freighters with lots of 
deck space will be able to take on more evacuees. 

If the ship is in a critical condition and no outside help 
is available, the lifeboats serve as the ambulance of last 
resort. As a matter of international law, all ships have an 
adequate number of lifeboats that are provisioned with 


food, water, and medical supplies. The crew should be 
well trained and drilled in the use of the lifeboats. Cruise 
ships have a lifeboat drill for both passengers and crew 
at the beginning of each cruise. If the vessel is not in 
danger (e.g., an infectious disease disaster) the ship itself 
can serve as transport and divert to the nearest capable 
port with adequate resources. 

Casualties must be prepared for evacuation with con- 
sideration as to the marine environment that they are 
in. Space is always a premium and limited in marine 
vessels (including airframes). Bulky monitoring or other 
equipment will not be accommodated in most evacuation 
operations. The casualty should have all intravenous and 
other invasive devices firmly secured to avoid displace- 
ment during the process of transportation. Endotracheal 
tubes should be doubly secured. End tidal CO, moni- 
toring, if available along with pulse oximetry, is useful 
in this setting as the devices required are quite small 
and may be obtained battery powered. Filling the balloon 
of urinary catheters and the cuff of endotracheal tubes 
with saline rather than air has been recommended for 
air transport, but may not be needed in these marine 
operations as the aircraft will usually be flying at low al- 
titudes close to sea level. Covering the casualty securely 
in a weather-resistant wrap is recommended, especially 
if the evacuation operation is being carried out under in- 
clement conditions. In general, marine litters should be 
used for nonambulatory casualty evacuation. These litters 
(such as used by the USCG) are compact, corrosion re- 
sistant, made of wire mesh, and equipped with flotation 
vessels should the litter slip into the water. All casualties 
must have a casualty status card secured to their per- 
son. This may be a standard triage type card or some 
other weather-resistant form to describe at minimum the 
following: 


m Full name 

m Date and time 

m Age and sex 

m Vital signs 

m Presenting problem, time, and date of onset 
m Treatment provided 

m Allergies 

m Current medications 

m Past medical history 

m Last meal or drink 

m Next of kin or emergency contact information. 


EMERGENCY DEPARTMENT IMPACT 
AND CONSIDERATIONS 


The impact on shoreside EDs is small. The population 
affected by a maritime disaster is, at most, a fevv thousand 
people. Air evacuation can bring only a fevv patients at a 
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time. Evacuation by ship or lifeboat will be slow, and 
the receiving facilities and emergency medical service 
(EMS) system will have time to coordinate their approach. 
The shoreside medical system will not presumably have 
been affected by the disaster, and it should therefore be 
operating at full capacity. Casualties can be distributed so 
as not to overburden any one facility. 

Although most maritime disasters involve relatively few 
casualties (although they might produce many evacuees), 
occasional exceptions may involve the presentation of 
hundreds or thousands of casualties to a shoreside EMS 
system. If the EMS system is small (e.g., a Caribbean 
island), then it will also have to activate its disaster plan 
to cope with the influx of casualties. However, given the 
generally long time to arrival and the preknowledge of 
the extent and type of casualties, a shoreside EMS system 
or ED should have enough time to prepare an adequate 
response. 


MARITIME MEDICINE 


Provision of medical care aboard seagoing vessels has 
been problematical for centuries. Larger military vessels 
expecting combat are usually provided with a complement 
of medical support in some way. The largest vessels 
(e.g., aircraft carriers) have moderately elaborate staffing 
and facilities to care for the larger crew complement 
aboard. It is a relatively recent development that cruise 
ships have added a medical component to their crew. 
Currently, the physician aboard most cruise vessels is of 
variable training, and is usually added as a “courtesy” 
to the crew and passengers. In many settings, they must 
even provide their own uniforms. It has been suggested 
that the best training currently for medical care aboard 
such vessels may be obtained by training in emergency 
medicine (14). This seems logical because of the many 
types of injuries and illnesses that are encountered on 
a cruise ship, especially when dealing with an older 
population that tends to make up a larger percentage 
of cruise ship travelers. At a minimum, such physicians 
should have knowledge of a broad range of medical 
problems, ability to manage emergent conditions, and 
familiarity with disaster management and EMS—marine 
evacuation care and protocols. 


SUMMARY 


A cargo ship, ferry, cruise ship, or drilling platform is a 
small community where internal resources can be rapidly 
exhausted and external resources are distant. Maritime 
disasters usually come in the form of collision, weather- 
related events, fire, or infectious disease. Because of the 
remoteness of ships and platforms, shoreside EDs and 
EMS systems usually have time to prepare adequately for 
the reception of casualties from a maritime disaster. On- 
board planning and practice of a disaster plan is part of the 
safety plan of most ships. Disaster training, protocols, and 
planning must be part of the usual activities of the medical 
and nonmedical routines aboard maritime vessels. 
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Air Crash Disasters 


Julio Rafael Lairet and David E. Hogan 


“Ladies and Gentlemen, this is your Captain speaking. 
We have a small problem—all four engines have stopped. 
We are doing our damnedest to get them going again. 

I trust you are not in too much distress.” 
Captain Eric Moody: British Airways 707, “City of 
Edinburgh” Over the Indian Ocean (1) 


This quote of Captain Moody’s illustrates the potential 
risk associated with modern air transport and large 
capacity air systems. Captain Moody’s flight suffered 
multiple engine failure after flying into an unknown 
volcanic ash cloud over the Indian Ocean. He and his 
heroic crew eventually made a successful emergency 
landing in Jakarta, with 247 passengers (1). The ending is 
however, not always so good. 


CASE DISCUSSION 


On June 1, 1999, at 11:51 PM American Airlines 
flight 1420 overran the end of runway 4 Right at 
Little Rock National Airport in Arkansas. The MD-82, 
vvhich had originated in Dallas, Texas, collided vvith 
the approach light stanchion after skidding off the 
runvvay. The aircraft carried a crevv of 6 and 139 
passengers (2). At 11:55 PM, an initial response of 
three trucks vvith four firefighters in each vvas car- 
ried out by Aircraft Rescue and Fire Fighting. At 
12:06 AM, the fire captain from Aircraft Rescue and 
Fire Fighting made a visual of the aircraft and re- 
ported to Little Rock central communications that, 
“This aircraft is on the ground off the northern end 
of runvvay four right. He”s on the ground outside the 
airport. The aircraft is on the ground, he is burn- 
ing” (2). 

The metropolitan emergency medical service 
(MEMS) dispatch confirmed the aircraft accident at 
12:06 AM. The first three MEMS units arrived on 
the scene at 12:22 AM. A total of 19 MEMS units 
responded, along vvith a number of other support 
or supply vehicles. The Little Rock fire department”s 
response included a total of 13 engine companies, 


one ladder company, one heavy rescue unit, one 
hazardous materials unit, and nine staff vehicles (2). 

VVhen the MEMS supervisor arrived on the scene, 
he found dozens of passengers carrying injured 
persons from the wreckage. The triage area was 
set up adjacent to the perimeter road east of the 
aircraft, and patients were redirected to this area. 
One patient who was critical was tagged red; air 
medical evacuation was requested, and this patient 
was airlifted with another patient who had been 
tagged yellow. An estimated 40 to 50 patients 
were triaged and treated on the scene within a 
2-hour period. A total of 10 patients were tagged 
red, and 19 were tagged yellow (2). According to 
MEMS personnel, a great number of lower extremity 
injuries were seen (2). The final report revealed that, 
of 145 individuals on board the aircraft, the victims of 
the crash included 11 fatalities (7.6%), 35 immediate 
patients (24.1%), 45 minor casualties (31%), and 54 
noninjured persons (37.2%) (3). 

Mankind has dreamed of flight probably from the 
dawn of sentient thought. We have finally achieved 
the power of flight over the last century, but this tri- 
umph has not come without cost, both in lives and 
livelihoods. Since the beginning of flight history, 
crashes involving aircraft have occurred. There even 
exists the story, almost certainly apocryphal, that 
the 15th century renaissance genius Leonardo Da 
Vinci actually tested one of his flying mechanisms, 
the failure of which resulted in the death of his as- 
sistant and companion (4). With the capacity and 
number of commercial airliners increasing, the risk 
of a catastrophic event involving an aircraft has mul- 
tiplied. In the United States alone, the total number 
of commercial air passengers during 1995 totaled 
580 million. By 1997, this number had increased to 
630 million, and it is expected to exceed 985 mil- 
lion by the year 2009 (5). Aviation crashes have the 
potential for the most significant loss of life and 
for the generation of the highest numbers of casu- 
alties of any transportation mechanism throughout 
the world. Essentially, any community that is close 
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to an airport or a major air traffic route is at risk for 
receiving casualties from an aircraft-related disaster. 

Fortunately, keeping safety a primary concern 
has offset much of this increased risk in, at least, US 
aviation. A revievv of the National Transportation 
and Safety Board (NTSB) data for 2004 reveals 


that 1,872 crashes occurred, vvith only 422 of these 
involving fatalities (6). In addition to aircraft crashes 
other incidents such as ditching, turbulence, rapid 
decompression, and explosions aboard the aircraft 
may occur producing other injury mechanisms. 


MECHANISMS OF INJURY 


Rotary Wing 


When considering the mechanisms of injury from rotary 
wing crashes, one must remember that most of the 
force imparted to the casualty is secondary to vertical 
deceleration (7). Restraint systems in fixed wing aircraft 
generally rely on lap belts, providing only two points of 
restraint with limited energy absorption and occupant 
fixation. Restraint devices in helicopters are designed 
to be more robust than those for a passenger aircraft 
and are more efficient at absorbing force and securing 
occupants (8). Such restraint systems have decreased 
the incidence of abdominal injuries seen in helicopter 
crashes (9). Not surprisingly, approximately 88% of all 
injuries associated with helicopter crashes are due to blunt 
trauma (8). Studies of military and civilian helicopter 
crashes have indicated a high frequency of head injuries 
with approximately 62% suffering traumatic brain injury 
and 50% skull fractures (8,9). This fact may be explained 
by both contact injury due to the collapsing structure and 
the intrusion of high mass items such as the rotor system, 
transmission, and engines into the flight cabin (8-10). 
The lower extremities are another commonly injured 
body region, with injuries occurring at twice the rate of 
upper extremities (9). Rib fractures (74%) with associated 
pulmonary injury (61%) are also commonly noted (8). As 
might be expected, axial skeletal injuries, specifically those 
to the lower back, are a common finding following rotary 
wing crashes due to the frequency of vertical loading. The 
vertebrae most affected in helicopter crashes are from 
thoracic levels 12 to lumbar levels 3, with cervical vertebra 
7 injuries close behind (9). Studies indicate that internal 
organ injuries in pilot fatalities of rotary wing crashes 
include lung 61%, liver 47%, heart 42%, great vessels 38%, 
and spleen 32% (8). An interesting phenomenon regarding 
helicopter crashes is the frequent lack of thermal injuries. 
This is likely due to the success of the more crashworthy 
fuel systems used in helicopters as compared with fixed 
wing airframes (8-10). 


Fixed Wing 


Fixed wing aircraft crashes pose additional concerns in 
comparison to rotary wing aircraft. For example, the 
altitude at which airplanes fly is much greater than that of 
helicopters. Injury involving fixed wing aircraft can occur 
both in the air and upon impact with the ground or water. 
Not surprisingly, most injuries and fatalities caused by 
fixed wing air crashes are due to blunt trauma. One study 
of a commercial jet crash indicated that of 28 fatalities, 
18 (64%) died of multiple traumatic injuries, 9 (32%) 
of mechanical asphyxiation, and 1 (3.5%) of penetrating 
head injury (11). The constellation of injury distribution 
and severity was thought to be remarkably similar to 
studies of deceleration injuries reported from high speed 
motor vehicle crashes (11). Such scientific studies of injury 
mechanisms have been used to suggest improvements for 
aircraft design and procedures (12). 

Emergency procedures are known to decrease the risk 
of serious injury before an air crash. Studies have evalu- 
ated the “brace position” and found that taking this posi- 
tion before an emergency landing or air crash provided 
significant protection against head injury, concussion, and 
injury from objects behind the passenger (13,14). The pro- 
tective benefit of the brace position was persistent no 
matter what the level of damage surrounding the pas- 
senger was. Other studies evaluating factors associated 
with pilot survival in commercial air crashes identified 
lack of postcrash fire, crash location at the airport, good 
weather, visual flight reference conditions, daylight flying, 
pilot age less than 50 years, and use of shoulder restraints 
as positive factors for survival (15-18). 

The series of emergencies that may occur at altitude 
in fixed wing aircraft produce an additional set of poten- 
tial injury mechanisms due to decompression, decreased 
oxygen partial pressure, extreme cold, turbulence, and 
other atmospheric conditions. These mechanisms may 
produce additional injury to traumatic air crash survivors, 
or may be the primary injury to survivors of a successful 
emergency landing. As such, these mechanisms of injury 
deserve review. 


Decompression 


Loss of cabin pressurization can be either slow or rapid. 
Slow decompression is usually insidious, and may not 
pose a serious problem as long as the crew recognizes it 
and takes corrective action. Supplemental oxygen may be 
applied and the aircraft may descend. The primary impact 
of slow decompression is hypoxia due to the decreased 
partial pressure of oxygen at altitude. Any aircraft flying 
above 3,000 m (10,000 ft) has entered the “physiologi- 
cally deficient zone” and must have supplemental oxygen 
or a pressurized cabin with supplemental oxygen emer- 
gency systems (19). At and above this altitude, hypoxia 
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will result in confusion, syncope, and eventual loss of 
consciousness and death. Any flight at or above 15,240 m 
(50,000 ft)—usually only military or space flight vehi- 
cles—has entered the so-called “space equivalent zone” in 
which even supplemental oxygen will be of no use (19). 
Flights at these altitudes require pressurized cabins and/or 
pressure suits as well as supplemental oxygen. Of concern, 
when above the physiologically deficient zone, is the fact 
that if normal safety and detection systems do not raise 
an alarm during a slow decompression, the crew and pas- 
sengers may not realize the early subtle effects of hypoxia 
before becoming unconscious. Such was the fate of golf 
champion Payne Stewart and four others, after a slow 
decompression within the Lear Jet he was riding resulted 
in unconsciousness and death of all aboard just after leav- 
ing Florida. The aircraft traveled another 1,500 mi before 
running out of fuel and crashing in a sparsely populated 
area of South Dakota (20). 

Rapid decompression results from a catastrophic 
violation of the pressurized cabin integrity. The rate at 
which the flight cabin will decompress is governed by a 
number of physical factors such as the volume of the cabin, 
size of the opening, and the difference between the cabin 
pressure and the outside pressure. Rapid decompression 
will not go unnoticed by the crew or passengers. Several 
obvious factors are noted within the cabin as a result of a 
rapid (or explosive) decompression. Occupants usually 
note a loud explosive noise or wind sound, sudden 
condensation or fogging in the air and on interior window 
surfaces, a sudden drop in cabin temperature, and flying 
debris as they follow the turbulent atmosphere toward 
and out of the rupture in the cabin. If the breach in the 
pressurized cabin is large enough (such as a blown or 
ruptured window or hatch) human bodies may even be 
extracted from the aircraft by the decompression wind. 

Mechanisms of injury associated with rapid decom- 
pression are based on sudden changes in pressure, fol- 
lowed by hypoxia. The pulmonary system is the most 
vulnerable. Any impedance to outflow of air from the pul- 
monary tree during rapid decompression may result in 
a pulmonary overpressurization syndrome with resultant 
tracheobronchial rupture, pneumothorax, or vascular air 
embolism. The ears and paranasal sinuses may become 
exquisitely painful from sudden overpressurization. Ver- 
tiginous symptoms are possible if the semicircular canals 
are affected. Rupture of the tympanic membrane is pos- 
sible but rare. Sudden decompression also expands any 
gas within the gastrointestinal tract. This not only re- 
sults in uncomfortable distention but may also rupture a 
gas-filled viscus, restricting diaphragmatic and therefore 
respiratory function. Gastric and intestinal expansion may 
trigger a vagal nerve discharge with an attendant cardio- 
vascular collapse and unconsciousness. As the pressure 
equilibrates to high altitude within the aircraft, the partial 
pressure of oxygen will decrease. If the aircraft is above 


10,000 ft and the crew and passengers are not on oxygen, 
they quickly become hypoxic and lose consciousness. The 
duration of useful consciousness depends on the altitude 
at which the rapid decompression occurs. 

Loss of pressurization does not occur as infrequently 
as might be expected. Between 1969 and 1990, 205 
cases involving US naval aircraft were reported; 184 of 
these were accidental (21). Of these 184 incidents, the 
serious injuries included 1 case of pneumothorax, 11 cases 
of type I decompression sickness, 23 cases of mild-to- 
moderate hypoxia with no loss of consciousness, and 18 
cases of hypoxia with a loss of consciousness (21). Other 
injuries that were seen included facial cuts, contusions, 
bruises, and one fractured ulna (21). According to the 
NTSB aviation accident and/or incident database, nine 
events involving civilian aircraft have been documented 
during recent decades (22). 


Decompression Illness 


As noted in the previous paragraph, decompression sick- 
ness may occur due to a rapid decompression incident 
during flight. In general, this will not be a major factor 
in survivors unless decompression develops at altitudes of 
5,500 m (18,000 ft) or greater. The incidence of decom- 
pression sickness, however, increases quite rapidly once 
an altitude above 9,000 m (30,000 ft) is reached (19). 


Turbulence 


Another aircraft emergency that can occur while in flight 
involves turbulence. If the aircraft encounters severe tur- 
bulence, passengers and crew can experience injuries 
ranging from simple cervical strains to severe closed head 
injuries. Under high levels of turbulence, the passengers 
and crewmembers can be thrown about, striking the fuse- 
lage and internal aircraft structures. If many individuals 
are not restrained, the number of victims with injuries that 
require evaluation can be quite large. In most cases, the 
turbulence cannot be predicted and therefore can catch 
the entire crew by surprise. 

According to the Federal Aviation Administration 
(FAA), between 1992 and 2001 in the United States there 
were 4,326 weather-related accidents. Of these, 509 were 
the result of turbulence with 23% resulting in fatal injuries 
to the occupants of the aircraft (23). Several years ago, 
the primary author was aboard a C-130H model during 
a training flight when the aircraft unexpectedly encoun- 
tered severe turbulence. While carrying out crew duties in 
the cargo compartment, the aircraft went into a negative 
2.5-G drop. The resultant response to the laws of physics 
caused the author’s body to be slammed against the roof of 
the aircraft fuselage. Luckily, only abrasions, bruises, and 
a new respect for inertia resulted from the event. Other 
individuals have not been so fortunate, and turbulence 
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such as this has caused extensive injuries and death. For 
this reason, commercial airlines now stress that passen- 
gers should remain restrained, unless moving about in the 
cabin is absolutely necessary. 


Thermal Considerations 


As one ascends through the troposphere of the earth”s 
atmosphere, temperature drops by an average of 9.78”C 
per km (5.37°F per 1,000 ft) with variability depending on 
atmospheric conditions. This correlates vvith an exposure 
to temperatures of —50°C at 300 m (—58°F at 10,000 ft) 
altitude should rapid decompression occur. Depending 
on the time spent at this altitude and temperature, or 
protective clothing worn by the casualty, frost injury 
and/or hypothermia may result (24). 


Crash-Related Physical Injuries 


As noted before, the most severe injuries occur owing to 
the impact of the aircraft with either the ground (crash) or 
water (ditching). During a crash or ditching incident, the 
main mechanism of injury is rapid deceleration resulting 
in blunt trauma (25). During a rapid deceleration, the 
occupants of the aircraft are at risk for internal organ 
injury due to the deceleration of the body cavity against 
seat belt restraints. In addition, they may strike the seat in 
front of them or other structures in the aircraft, resulting 
in blunt or penetrating trauma. Death usually results from 
transection of the great vessels, although head or spinal 
trauma, are common as well (25). 

Among the survivors of serious aircraft crashes, injuries 
to the lower extremities occur most often, followed by 
spinal and head injuries. Of these injuries, long bone 
fractures predominate (26). Other regions of the body that 
are affected by both penetration and blunt trauma include 
the chest and abdomen, with the chest being affected more 
often than the abdomen (26). Additionally, environmental 
injuries associated with the crash, such as near-drowning 
during ditching, hyperthermia, or hypothermia, need to 
be considered. One needs only to recall the tragic loss of 
life from drowning and hypothermia after the crash of Air 
Florida’s Flight 90 into the Potomac River on January 13, 
1982, to underscore this (27). 


Aircraft Fires 


Another complication that can be experienced both in 
the air and upon impact is an aircraft fire. A 1980 NTSB 
review of 22,002 aircraft crashes between 1974 and 1978 
indicated that fire was involved in 8% (28). In most 
cases, the cause of the death or serious injury was not 
thermal contact; rather, it was the result of the inhalation 
of toxic combustion products. Two common toxic gases 
that are found in the smoke from aircraft fires are carbon 


monoxide and hydrogen cyanide (29). Hydrogen cyanide 
will inhibit oxygen use at the cellular level, and carbon 
monoxide will form carboxyhemoglobin. Both of these 
mechanisms, especially when added to displaced oxygen 
concentration, are responsible for the onset of cellular 
hypoxia (29). 

In addition to its pulmonary toxicity, smoke obscures 
the vision of the casualties, thereby making escape 
from the aircraft more difficult. The suspended smoke 
particles may also contain sufficient thermal energy 
to result in upper airway burns. Although suffering 
from smoke inhalation during an aircraft crash is more 
common, this does not mean that burns will not be 
encountered. Victims with major burns may be found, 
particularly if widespread ignition of aviation fuel occurs. 
The initiation of prehospital respiratory and burn care 
should follow the standard guidelines established for such 
injuries. 


PREHOSPITAL CONSIDERATIONS 


Scene Access 


From a prehospital perspective, the unique considerations 
of aircraft crashes must be addressed. The first consider- 
ation is how to gain access to the scene. Air crashes 
occurring in and around the airport will usually occur 
within the confines of the flight line. An airport flight 
line is a highly secured and regulated area. Larger and 
busier airports may need to continue active flight oper- 
ations near the crash site. Because of this, emergency 
medical service (EMS) personnel unfamiliar with the reg- 
ulations and safety protocols of functioning on or near 
active flight lines must receive prior training or escort 
from individuals with such knowledge. Clear methods 
for EMS access to the flight line area must be part of 
the overall air crash disaster plan. Communication links 
among the responding EMS units and the airport tower, 
the airport EMS units, and the airport fire and rescue ele- 
ments must be established. Reports do exist of EMS units 
who have attempted to access the flight lines through the 
planned routes only to find them locked and chained. 
Carrying a sturdy set of bolt cutters is useful for situa- 
tions such as this. The dispatcher should confirm access 
routes and should direct the responding units to the scene 
accordingly. 

When a visual of the scene can be made, it should 
be surveyed for possible hazards and required resources. 
When approaching the accident, the units should never 
drive through the path that the aircraft has taken, to avoid 
fuel spilled by the aircraft during the crash. Priority should 
be given to providing an incident intelligence update to 
the communications center. After arriving on the scene, 
the initial responding unit should report to the Incident 
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Command System (ICS) if it has been established. If no 
ICS has been established, the EMS unit should position 
itself in an upwind position, and a triage area should 
be established. As vvith any other disaster, chaos and 
confusion may initially reign at the scene. 

Identification of the specific location and extent of 
the crash site either on or off the active flight line area 
may be difficult. Crashes within the confines of airport 
property may be easier to contain and regulate. Crashes 
occurring off regulated areas of the airport may present 
unique challenges to search and rescue and EMS elements. 
Access to air crashes occurring in unsecured areas may be 
impeded by numerous factors, such as poor roads, poor 
visibility, and spectator traffic. Use of air medical elements 
with clear communication channels to ground units may 
be a significant assistance in these settings. Air medical 
units may be able to size up the situation more rapidly; 
they can be used to provide coordinating directions to 
ground units. 


Victim Identification 


The identification of the victims of the aircraft crash may 
present additional challenges to the disaster responders. 
Experiences with previous air crashes have indicated 
that survivors capable of removing themselves from the 
wreckage will frequently move considerable distances 
from the crash site. If prehospital disaster response to 
the site is delayed, these victims may be at some distance 
from the aircraft by the time the response teams arrive, 
and therefore search parties may be required to locate 
them. This problem is further compounded by darkness. 
Well-lit triage areas should be established rapidly in an 
effort to diminish the confusion. Directing all patients to 
the triage area is important as this improves the process 
of identifying and assessing all survivors. After the Little 
Rock crash, many nontriaged ambulatory survivors were 
transported by bus before the MEMS crews could evaluate 
them. This complication was solved by creating a separate 
triage area at the fire department station to which the 
buses were then directed (2). 


Hazards for Responders 


Additional hazards may be present for the responding 
units associated with the downed aircraft. Aviation fuel 
is not only a hazardous substance but also a potential 
fire hazard. In addition, various aviation and cargo 
products may give off toxic emissions while burning. The 
aircraft should always be approached from an upwind 
position to avoid toxic fumes. The damaged aircraft 
fuselage itself represents a substantial hazard because 
of its sharp irregular edges. Aircraft debris may be widely 
scattered, seriously hampering access and egress to the 
casualties. 


) TABLE 30-1 Common Problems Encountered 
in Response to Air Crash Disasters 


Access to the scene of the crash 

Flight line access and protocols 

Off flight line access and protocols 
Communications 

Airport tower, EMS units, fire/rescue units 
Identification and determination of the extent of the crash scene 
Security of the crash scene 

Usually and off flight line concern 
Identification and collection of ambulatory casualties 
Scene hazards 

Fuel, fire, hazardous materials, debris field 
Evidence preservation 

Forensic identification concerns 

Evidence collection—terrorism, criminal activities 


Abbreviation: EMS, emergency medical service. 


Necessary Equipment 


When establishing the planned resources for an air crash 
disaster, the issue of what equipment is necessary should 
be addressed. If the crash occurs at night, proper lighting 
must be established at the scene. The amount of medi- 
cal equipment should be proportionate to the size of the 
disaster. With aircraft crashes, the mechanisms of injury 
mandate a heavy demand for splints, dressings, and back- 
boards. Some services solve this problem by creating mass 
casualty incident (MCI) response vehicles. These vehicles 
are well stocked with such equipment as is needed for 
managing an MCI of 50 to 100 patients. The most impor- 
tant aspect in using these vehicles is to deploy them as 
soon as the need for the equipment has been established 
on the scene. Alternatively, such equipment may be stored 
at the airport for use in crashes located on the flight line. 

Prehospital personnel should be cognizant of the 
unique injuries or illnesses that may occur during or as a 
result of an air crash disaster. In addition to usual trau- 
matic injuries from rapid deceleration (penetrating and 
blunt mechanisms), burns, and smoke inhalation, EMS 
personnel should be aware of casualties with dysbarisms, 
hypoxic, or thermoregulatory dysfunction due to rapid al- 
titude changes and decompression. The major challenges 
associated with the prehospital response to an air crash 
disaster are listed in Table 30-1. 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


Air crash considerations for the emergency department 
(ED) begin with planning. That the ED has a well- 
integrated disaster plan is important. All EDs close to 
airports should be active participants in the airport’s dis- 
aster response plan. Coordination of the disaster response 
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and predetermined transport destinations for specific 
types of patients vvill improve the overall response im- 
measurably. Crashes occurring within the airport security 
area may allow more efficient casualty distribution be- 
cause ambulatory victims are less likely to have access to 
their own modes of transportation. 

EDs should plan for multiple blunt and penetrat- 
ing trauma, burns, hazardous materials exposure, and 
psychoemotional stress generated by the event. General 
surgical services and subspecialties will be in high de- 
mand. Additionally, ancillary services such as radiology 
(computed tomography and plain radiography) and blood 
bank services will be stressed. If fire was a part of the 
injury mechanisms, burn care supplies and consultation 
will be needed. 

Air crash disasters are highly publicized events, thereby 
adding an additional dimension to the ED response. Each 
ED must be provided with adequate security to protect 
both patients and staff from unauthorized or unwanted 
intrusions by news media and other individuals. Regular 
news media briefings need to be organized and conducted 
by the public relations officer of each hospital. The hospital 
must also be prepared to supply identification information 
to patient-tracking agencies such as the Red Cross or 
government, for family-notification purposes, as well as 
handling the large volume of telephone calls that may be 
generated from concerned relatives. 


Multiple Trauma Management 


The ED response to an air crash disaster will be one 
that is primarily weighted to trauma response. Casualties 
should be prioritized and routed through the local trauma 
system (if one exists) according to a disaster response 
protocol to avoid overloading the trauma center(s) or any 
geographically close hospital. Usual trauma management 
principles with a team approach should be employed 
in the evaluation and treatment of casualties. Medical 
informatics and casualty registration should be carried 
out along with casualty evaluation and treatment to avoid 
“losing” individual casualties in the rush to treat (30). 


Dysbarism Management 


The dysbarisms likely to be associated with air crash 
casualties are generally those classified as barotraumas 
of ascent. This is caused by rapid gas expansion within 
closed spaces. The intensity and specifics of any therapy 
will be dependent on the nature of the barotraumas. 
The treatment of otic and sinus barotraumas is generally 
symptomatic or a return to a pressurized state. This has 
essentially been achieved with a return to ground level. 
Once reaching the ground, symptomatic care is usually all 
that is needed for these conditions. 

More serious disorders such as pneumothorax may re- 
quire surgical decompression by chest tube thoracostomy. 


Careful monitoring and a high index of suspicion for com- 
plications of pulmonary barotrauma should be maintained 
for any air crash survivors placed on positive pressure 
ventilation. Any rapid decompensation in such casualties 
should prompt an immediate evaluation for pneumotho- 
rax or other barotraumatic disorders. 

Air crash survivors describing pain associated with 
type I decompression sickness (only likely to be seen when 
a rapid decompression occurred above 5,500 m [18,000 ft]) 
generally require only high flow oxygen, symptomatic 
treatment, and monitoring. 

In the rare instance that an arterial air embolism is 
encountered, placing the casualty on 100% fraction of 
inspired oxygen (F102) by nonrebreathing mask and in a 
head-down left lateral recumbent position may provide 
temporary benefit (31). Depending on the severity of the 
embolism in association with other traumatic injuries (if 
any) use of a recompression protocol or hyperbaric oxygen 
may be considered. 


Hypothermia and Hyperthermia 


A high index of suspicion should be maintained for ther- 
mal disorders in the air crash survivor. Exposure to 
temperature extremes during flight or after the crash may 
complicate the traumatic injuries sustained. Core temper- 
atures should be obtained in any patient in whom the 
issue is suspected. Careful attention to thermal regulation 
during trauma evaluation and treatment in the ED and 
operating rooms is required. Specific interventions for hy- 
pothermia and hyperthermia are covered in Chapters 21 
and 23, respectively. 


MENTAL HEALTH IMPACT 


An air crash disaster is one of the most emotionally 
charged transportation-related disasters. The sudden and 
massive injury and loss of life take a significant toll on the 
victim’s families, survivors, and rescue workers. Initially, 
the release of information and often the emotional care 
of these individuals have been left to the very airline as- 
sociated with the disaster. In 1996, Congress passed the 
Aviation Disaster Family Assistance Act, which mandated 
that the NTSB be required to see to the needs of the be- 
reaved families. In 1998, as part of the overall Federal Re- 
sponse Plan, the NTSB designated the American Red Cross 
(ARC) as the official agency responsible for consoling and 
counseling the families and victims of air crash disasters. 

The ARC has developed regional air disaster teams 
(ADT) with specialized training, which are situated 
throughout the nation. The first team of 54 members 
responded to the Korean flight 801 crash on Guam. Each 
team currently is on call for approximately 2 months of 
each year. Upon notification of an air crash, these teams 
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are deployed to the crash site to initiate and coordinate 
needed services. Support centers are created for family 
members, close to the site of the crash. The ADT work with 
the airline to track the status of hospitalized passengers 
and to provide needed assistance to family members. 


RECOVERY AND FORENSICS 


After the survivors have been cared for, the focus during an 
aircraft crash/ditching incident will shift toward recovery 
and identification of the fatalities. This creates a challenge 
due to the substantial tissue disruption and fragmentation, 
which the human body is exposed to during the event (32). 
In many cases, identification can only be established after 
deoxyribonucleic acid (DNA) analysis (32). This reality 
became evident in 1998 after the Swissair flight 111 crash 
in Nova Scotia. Of the 229 persons on the aircraft, only 1 
body was found intact (33). After all the casualties were 
processed, 100 of them required identification by DNA 
sampling (33). 

Another challenge that is faced is dealing with casualty 
remains that are contaminated with aviation fuel. One 
approach that has been used in recent years is to 
decontaminate the remains before the medical examiner 
processes them. An important aspect of dealing with 
an aircraft crash includes the development of a local 
protocol for dealing with human remains. With the risk 
of terrorist or criminal activities associated with air crash 
disasters, recovery of forensic evidence relating to such 
activities has become more important than ever. Close 
cooperation between medical elements of an air crash 
response team and criminal investigation agencies should 
be an essential part of the air crash response plan. 
If properly carried out, such organized response may 
substantially improve the quality of evidence retrieval 
and expedite the identification of human remains (34). In 
addition, careful forensic evaluation of air crash remains 
may yield unexpected results. More than one report exists 
of forensic investigations of air crashes detecting fatal 
gunshot wounds to the pilot as well as nonfatal wounds to 
some of the passengers before the crash (35,36). 


PREVENTION AND SAFETY 


Since the 1980s, aviation safety has improved remarkably, 
reducing the number of fatalities by 34% (25). The aviation 
community has used past experiences to improve safety as- 
pects aboard modern aircraft in a number of specific areas. 


Fire Safety 


Although in-flight fires are rare, they can be extremely 
devastating phenomena. After investigations of fires 


caused by passengers during the 1970s, the NTSB 
made recommendations regarding smoke detectors and 
no smoking regulations for commercial flights, which 
were later imposed. In June 1983, an Air Canada DC-9 
experienced an in-flight fire due to a motor in the 
air-conditioning system that overheated. Although an 
emergency was declared, 20 minutes passed before the 
aircraft was able to make an emergency landing. As a 
result, only half of the 46 persons on board were able to 
escape the burning aircraft. Most of the people who died 
were overcome by toxic inhalants, and many of the pas- 
sengers were unable to see the exits due to the smoke. As 
a result of the investigation of this incident, smoke detec- 
tors and automatic fire extinguishers have been installed 
in all commercial airline lavatories. In addition, floor level 
escape lighting has been installed, and aircraft throughout 
the United States have been equipped with fire retardant 
cabin and seat materials (5). Additional investigations of 
aircraft fires, such as that of the May 1996 ValuJet DC-9 
crash, have led to FAA regulations regarding the installa- 
tion of fire detection and suppression equipment in cargo 
holds. 

Improvements in emergency breathing devices for 
passengers in fixed wing aircraft could still be made. 
More effective emergency breathing devices might prevent 
survivors from becoming overwhelmed by toxic inhalants 
in the aircraft. In addition, a cabin water spray system 
has been proposed. This would slow the spread of cabin 
fires (29). It would also help to eliminate the particulates 
and water-soluble fire gases, such as cyanide and hydrogen 
chloride, from the ambient cabin atmosphere (29). 


Wind Shear 


Since 1968, the NTSB has issued more than 60 safety rec- 
ommendations regarding wind shear and related weather 
issues. The August 1985 crash of the Delta Airlines Lock- 
heed L1011 at the Dallas—Fort Worth airport, which 
resulted in a loss of 135 lives, spurred an intense inves- 
tigation into the phenomenon of wind shear. As a result 
of this and other investigations, the installation of the ter- 
minal Doppler weather radar (TDWR) system throughout 
the United States has proceeded. This system detects wind 
shear phenomena along flight paths, allowing warnings 
to be given to approaching aircraft. Where it has been 
installed, the TDWR system has substantially decreased 
wind-related aircraft incidents. 


Icing 


The serious effects of icing on aviation have been recog- 
nized since the 1930s. Even minimal amounts of icing on 
the wing can have substantial effects on the aerodynamic 
performance of modern aircraft. Beginning with the in- 
vestigations in 1975 with the fatal crash of a US Air Fokker 
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F-28 during icing conditions, substantial changes in the 
deicing procedures required for commercial aircraft have 
occurred. The NTSB has even recommended that some air- 
craft (e.g., the ATR-42 and ATR-72 passenger turboprop) 
should not fly in conditions conducive to icing. 


Alcohol 


Beginning in 1984, regulations vvere implemented to 
assist in identifying pilots who have had their driver”s 
license suspended for alcohol-related offenses. In 1988, 
the FAA issued regulations requiring the identification of 
pilots involved in alcohol-related or drug-related motor 
vehicle offenses. All pilots applying for medical certificate 
(medical clearance to fly) must now consent to the release 
of such information to the FAA during the application 
process. All airlines in the United States now require 
the results of preemployment, random, and postaccident 
drug testing of pilots and flight crewmembers. In a study 
of general aviation crashes from three states, 313 pilot 
fatalities occurred from 1985 to 2000. Of these fatalities, 
233 were tested for determination of blood alcohol 
concentration (BAC). Of these, 11% (25) had BAC levels of 
greater than 20 mg per dL (mean 75 + 64 mg per dL) (37). 
Data from the FAA (Fig. 30-1) demonstrates the total 
number of pilot fatalities from 1987 to 1993 (the last time 
such a study was done nationwide) indicating the BACs 
at various levels. Clearly, alcohol use by pilots continues 
to be a problem as noted by the recent conviction of two 
America West Airline pilots for operating a commercial 
aircraft while under the influence of alcohol (38). EDs have 
a role in the detection and intervention of alcohol-related 
air crashes by identification of alcohol-related problems 
in pilots (39). 
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FIGURE 30-1. Total number of pilot fatalities from 1987 to 
1993 with associated blood alcohol concentrations (BACs). (Data 
taken from Li G, Baker SP, Lamb MW, et al. Characteristics of 
alcohol-related fatal general aviation crashes. Accid Anal Prev 
2005;37:143-148.) 


Aircraft Seats 


The construction, anchoring, and characteristics of air- 
line seats have also been improved as a result of crash 
investigations. These investigations identified specific rea- 
sons for the failure of aircraft seats and restraint devices. 
The number of fatalities in fixed aircraft can be de- 
creased dramatically by creating a more effective restraint 
system (25). Such improvements have resulted in modifi- 
cations of welding methods, and that of both seat and seat 
belt construction. 


Cockpit Resource Management 


Historic problems due to the hierarchical structure of the 
pilot and crew relationship have led to catastrophic air 
crashes (5). These occurrences stimulated the develop- 
ment of cockpit resource management (CRM) techniques 
during the 1970s. CRM methods have opened up com- 
munication lines among all levels of the flight crew, 
thereby improving overall safety and efficiency. The value 
of CRM techniques was clearly demonstrated during the 
1989 United Airlines DC-10 emergency and the subse- 
quent crash landing in Sioux City, Iowa. The interaction 
of the flight crew and an additional airline pilot who was a 
passenger enabled them to work through the emergency, 
after a catastrophic engine failure resulted in the loss of 
all the aircraft hydraulic systems. Although more than 100 
persons died in the crash landing, almost 200 persons sur- 
vived a situation for which no airline pilot had previously 
been trained (5). 

A similar system, crew resource management, has been 
implemented within the US military. Through crew re- 
source management, the barrier between the cockpit 
crew (front-end crew) and the cargo compartment crew 
(rear-end crew) has been eliminated. Crew resource man- 
agement empowers all crewmembers aboard the aircraft 
with issues regarding safety matters. For example, if a 
loadmaster or an air medical evacuation technician no- 
tices something aboard the aircraft that does not seem 
right, he or she immediately notifies the aircraft com- 
mander. The situation is then investigated, and corrective 
actions are made as necessary. Crew resource manage- 
ment has been instrumental in decreasing the number of 
mishaps within the U.S. Air Force. 


CRASHES AT SEA 


Most crashes at sea result in recovery rather than rescue 
operations. Recovery of victim remains from submerged 
wreckage presents significant challenges for all involved. 
Medical support for such recovery missions may be quite 
extensive. Along with routine medical care and emotional 
support for recovery workers, health care providers 
may be called on to treat dysbarism associated with 
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diving activities. Health and occupational monitoring and 
sanitation become the primary obiectives of the medical 
team in this setting. 


AIR MEDICAL CONSIDERATIONS 


Nothing hits the disaster and EMS communities harder 
than the loss of its own people (40). Air medical units 
operate in a dangerous environment even during routine 
operations. Performing air medical operations in the 
chaos of a disaster generates an added risk. Although no 
comprehensive studies have been conducted on the risk 
to flight crews during disaster response, air medical units 
have traditionally experienced a higher death and injury 
rate than the general rotary wing aviation community (41). 
For several years the number of US medical helicopter 
crashes had decreased; in recent years however, this 
number has been increasing (42). Bledsoe et al., reported 
that 52% of all medical helicopter crashes from 1993 to 
2002 occurred between 2000 and 2002 (42). His findings 
also supported previous reports that most crashes occur 
due to pilot error (64%) or mechanical failure (22%) (42). 
In addition, bad weather and night operations, during 
which time 40% of all air medical missions occur, 
represent additional risks (43). Helicopter rotor blade 
injury continues to be a problem for personnel working in 
and around rotor wing systems (44). Strict safety protocols 
and, in some cases, airframes that conceal or remove tail 
rotor systems can substantially reduce the frequency of 
these injuries. De Lorenzo and others have indicated that, 
with strict safety protocols, air medical operations can be 
conducted with a safety profile similar to general rotary 
wing aviation (45). Additionally, another suggestion is 
that, with adequate planning and safety protocols, air 
medical missions may be carried out without undue risk 
during disasters (46). Table 30-2 indicates some guidelines 
for reducing the overall risk for air medical crews. 


) TABLE 30-2 Factors for Decreasing the Frequency 
of Air Medical Mishaps 


Limit night flight operations 
Limit “bad” or “marginal” weather flights 
Improve pilot training and proficiency 
Decrease pilot and crew fatigue 
Limit workload 
Adequate staffing 
Airframe modifications 
Use of twin engine airframes 
Eliminate or modify tail rotors 
Aggressive preventative maintenance 
Safety gear 
Head gear 
Flight suits 


SUMMARY 


In today’s society, more people are flying than ever before. 
For this reason, aircraft crashes are a reality that requires 
planning. Preparation is the key to a successful response 
during an aircraft crash. A well-designed MCI plan must 
be made and practiced. The exercises should involve all 
participating agencies and hospitals, and should be as 
realistic as possible. History has shown us how important 
it is to be prepared. 

On October 31, 2000, a Singapore Airlines aircraft 
crashed in Taiwan with 179 passengers of whom 79 died 
immediately (47). During this disaster there was poor 
compliance with the MCI plan, victims were not triaged 
and they did not receive adequate field medical care (47). 
Other problems noted during this event included the poor 
distribution of patients to surrounding hospitals, with 
smaller facilities becoming overwhelmed. This problem 
was attributed to the want of a transportation officer and 
lack of coordination between command post, dispatch, 
and the hospitals (47). 

In contrast, on March 23, 1994, a collision of three 
military aircrafts created an MCI at Pope Air Force Base 
(AFB). During this event, 130 soldiers were injured with 
10 immediate fatalities. The disaster was successfully 
managed, with the victims being cared for initially by 
Womack Army Medical Center (WAMC) at Fort Bragg, 
North Carolina (48). At the time WAMC was a Community 
Hospital with a four-bed surgical intensive care and 
six operating rooms. Fifty-one casualties were treated 
and released that day, and 55 patients where admitted, 
including 25 who required care at the intensive care unit 
(ICU) (48). Six patients who required urgent surgery were 
transferred to local hospitals after WAMC operating rooms 
were filled, and seven severely burned patients were sent to 
local Burn Centers (48). WAMC began receiving casualties 
15 minutes after the event; the triage area and ED were 
cleared of all patients within 2 hours. The success of this 
response has been largely attributed to preparedness and 
repetitive training which included two casualty drills per 
year (48). 

Special preparation must be undertaken by the EMS 
regarding access and operations on or near aircraft flight 
lines. Unique hazards may confront fire-rescue and EMS 
personnel responding to the scene of an air crash. Medical 
personnel must be prepared to deal with the physical and 
emotional impacts of the crash, as well as the substantial 
media attention it will draw. 
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Fires and Mass Burn Care 


David E. Hogan, Heidi Metheney, and Michael Houston 


“... Time is the fire in which we burn.” 
Delmore Schwartz: Summer Knowledge 


Although most fires occur in residential structures 
and generate limited numbers of casualties, there are 
a growing number of fire incidents that create multiple 
casualties requiring evaluation and treatment for burn- 
related injuries. The increasing frequency of such events 
is due to multiple factors such as increasing population 
density, lax adherence to fire codes, ignorance of fire 
safety protocols, and terrorism (1). Casualties sustaining 
fire-related injuries present a complex and challenging 
task for the emergency health care provider. The “usual” 
traumatic injuries seen in such casualties are made 
substantially more complex by burns, inhalation injury, 
toxic exposures, and thermal regulatory difficulties. In 
addition, many of these complicating factors may be subtle 
on initial presentation. The management of multiple 
burn casualties requires an understanding of how the 
mechanisms of injury associated with fires alter the degree 
of injury, modes of therapy, and potential outcomes of the 
individual casualty. This knowledge is then used as part 
of the process in triage and treatment decisions when 
the emergency health care provider is faced with multiple 
burn casualties. 


HISTORIC MASS BURN INCIDENTS 


Numerous mass burn incidents can be profiled—primarily 
from historic sources. However, few of these incidents 
have been well documented with regard to the deaths, 
injuries, and type of medical care provided. Although 
burn care is a common occurrence in emergency health 
care, mass burn care fortunately is not. Therefore, when 
such an incident does take place it can create substantial 
stress on emergency health care and trauma management 
systems. Because of the increased needs of the burn 
casualty over the “standard” trauma casualty, resources 
may be rapidly saturated and depleted forcing emergency 


health care providers to practice resource constrained 
triage (disaster triage) and management principles much 
more rapidly than with a nonburn event. All locations 
are at risk for mass burn events at least to some degree. 
These events require specific consideration and planning 
as part of the general disaster plan for each institution. 
Several select mass burn events with associated statistics 
are demonstrated in Table 31-1. 

In addition, specialized burn centers may rapidly be 
overwhelmed with an influx of burn casualties during a 
mass burn event. Consideration must be given as to how 
best to protect the critical resource and expertise of a burn 
center or unit within a community such that it will receive 
only those burn casualties in most need of such care. Some 
burn casualties that would have been transported to the 
burn facility during routine operations may be treated (at 
least initially) at other locations based on a cooperative 
protocol among the community’s health care facilities. 


BURN EPIDEMIOLOGY 


There are an estimated 1.1 million individuals in the 
United States who require medical evaluation for burn 
wounds on an annual basis (2). In the United States alone, 
fire departments respond to nearly 2 million calls each 
year (3). More than 50,000 casualties are admitted to the 
hospital yearly for their burns with more than 20,000 
(40%) of these having major burns in excess of 25% of 
their total body surface area (BSA). Approximately 10,000 
(50%) of the admitted burn casualties will die of burn- 
related infection yearly, with an additional 4,500 (22.5%) 
dying as a direct result of their burns (3). According to 
the United States Fire Administration (USFA), the leading 
causes of fires that result in fatalities are arson at 27%, 
followed by smoking at 18%. Up to 74% of fatal fires occur 
in structures, typically on residential properties where 
smoke alarms are either not present, or are present but 
not properly functioning (2). 
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) TABLE 31-1 Selected Mass Burn Events with Deaths, Injuries, and Case Fatality 


Rates where Available 


Selected Fire Event Year 
Canton theater fire, China 1845 
Peshtigo, WI forest fire, United States 1871 
Ring Theater fire, Vienna, Austria 1881 
Iroquois Theater fire, United States 1903 
Cocoanut grove fire, United States 1942 
Hartford Circus fire, United States 1944 
Abadan theater fire, İran 1978 
Bradford Stadium fire, United Kingdom 1985 
Berkeley forest fire, United States 1991 
Assiut train fuel fire, Egypt 1994 
Lord Krishna School fire, India 1995 
Dusseldorf Airport fire, Germany 1996 
Senghenydd coal fire, United Kingdom 1913 


* not applicable. 


The numbers of fires as well as related deaths, and 
injuries have dramatically declined since the inception 
of the USFA (now under the Department of Homeland 
Security) and its National Fire Academy (NFA) in 1974. 
The current fire fatality rate of 13 per million is half 
of what it was in the 1970s (3). Despite this decline, 
the United States still has a fire death rate more than 
twice that of most European nations and is ranked 20th 
of 25 industrialized nations by the World Fire Statistics 
Centre (4). A comparison of fire fatality rates per 100,000 
of national populations is demonstrated in Fig. 31-1. 


Dead Injured Case Fatality 
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17 62 21% 
471 0 100% 


MECHANISMS OF INJURY 


The most common mechanism of death from fires is 
due to carbon monoxide (CO) poisoning in approximately 
65% of the casualties with smoke inhalation or inhalation 
of other gasses (with or without CO) in approximately 
16% of the cases (5). Most deaths that occur within 24 
hours of the burning are due to inhalation-related injuries 
while those deaths after 24 hours are most often due to 
complications associated with the burns themselves (5). 
Although statistics for fatalities due to mass burn events 
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are not vvell organized, the information that is available 
generally supports these fatal mechanisms as well. 


Venue of the Fire 


Although burns are obviously associated with mass burn 
events, the event and the venue also create a number of 
related injuries and conditions that should be considered 
while evaluating and treating casualties. Fires occurring 
within a confined space result in rapid consumption of 
available oxygen, concentration of heat energy, and accu- 
mulation of soot and toxic combustion products. Burning 
in open or semiopen spaces are less likely to result in 
such effects. A history of suffering burns within a confined 
area (especially if coupled with loss of consciousness) 
should prompt an evaluation for inhalation injury and 
toxic components such as cyanide (CN) or CO. 


Burns 


Most mass burn incidents will be associated with thermal 
burns to some degree. These may be divided by origin 
into scalds, flame burns, and contact burns (6). In general, 
tissue damage starts when the thermal energy imparted 
into the body reaches 45°C (113°F) due to denaturation of 
cellular proteins (7). The longer the heat energy is applied 
to the tissue, the more severe the cellular damage and the 
more severe the burn. 


Scalds 


Scalding results from the application of hot liquid to the 
body. The severity of the burn caused by a scalding in- 
cident is dependent on the duration of the exposure, the 
temperature of the liquid, and the specific heat of the 
liquid. Specific heat is a general physical property of all 
matter and is related to the ability of a particular substance 
to hold and transfer heat energy. Substances with high spe- 
cific heat values are efficient in holding heat and transfer- 
ring it to other materials. Water is one such substance and 
accounts for most of the scald injuries seen on a regular 
basis. Water at a temperature of 70°C (158°F) for 2 sec- 
onds is sufficient to cause complete epidermal necrosis of 
exposed bare skin (8). Three seconds of exposure to water 
at a temperature of greater than 49°C (120°F) will usually 
cause burn wounds needing surgical intervention (9). 


Steam Burns 


Exposure to steam is a common industrial risk and 
may complicate the scalding injury. The maximum 
temperature at one atmosphere (14.7 pounds per square 
inch [PSI]) of pressure that water can reach is 100°C 
(212°F). The temperature of steam, however, depends 
on the pressure under which it is maintained. Steam 


pressures of 40 PSI in industrial processes are not 
uncommon and correlate to steam temperatures of 
141°C (286°F). If suddenly released, the steam rapidly 
loses heat by transferring thermal energy to the local 
environment (including people). As such, steam burns 
may be significantly worse than liquid burns, and may on 
occasion involve inhalation of steam with thermal injury 
to upper and lower airway structures (10). Clothing may or 
may not provide some degree of protection from scalds. In 
fact, clothing may actually trap hot liquid next to the skin, 
prolonging contact and increasing the severity of the burn. 


Flame Burns 


Flame burns result when the casualty is in close enough 
proximity to the combusting material to be in actual 
contact with the flames. The temperature of the flame 
depends on a number of specific factors such as the nature 
of the material combusting and the level of the flame 
plume in which the temperature is measured (11). Flames 
are able to produce temperatures considerably higher than 
scalding mechanisms. As example, a candle flame may 
have a maximum sustained temperature of around 1400°C 
(2552°F) (12). Flames result in rapid charring of the 
epidermis as well as deep penetration into body structures. 
In addition, flames often result in the ignition of clothing 
thereby prolonging and intensifying the flame burn effect. 


Contact Burns 


Heat energy is transferred into the body on contact with 
hot solid objects by conductance. The amount of heat con- 
ducted into the body from hot objects is associated with 
several physical properties under the principle of thermal 
conductivity. In its basic sense, thermal conductivity is 
described as, 


Thermal conductivity = Heat flow rate x distance/ 
(Area x temperature gradient) 


In reality, the most important factor in human burns 
is the temperature gradient (i.e., how hot the surface is 
in comparison to the human body). The mechanism of 
thermal conductivity in mass burn events is uncommon. 
However, building collapse and contact with heated sur- 
faces or heating elements have resulted in burns to some 
trapped casualties. 


Electrical Burns 


Electrical injuries provide a unique mechanism for injury 
in that it is the transfer of energy through the body that 
heats the tissue resulting in the burn damage. Two primary 
types of electrical burns are typically seen, high tension and 
flash burn. The amount of injury to tissue from electrical 
exposure is dependent on the amount of heat generated 
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in the tissue during the exposure. This heat is created and 
defined by the following relationships, 


Heat = 0.24 x (Voltage)” x resistance 


This demonstrates that in electrical burns, the primary 
determinant of the severity of the burn is related to the 
voltage to which the casualty is exposed. This is because 
the heating of the tissue is proportional to the square of the 
voltage. This is in distinction to the other physical effects 
of electrical injury, which are primarily dependent on the 
current (Amperes) and duration of exposure, expressed in 
Ohm’s Law as follows: 


I = V/R( is current in amperes, V is volts, 
and R is resistance) 


High voltage burns are likely to be created when casualties 
have been exposed to energies of 1,000 V or more, which 
have actually passed through their body. Extensive soft 
tissue and bony loss (often with total limb amputation) 
are commonly seen. The burned tissue is always more 
extensive than initially thought, due to the deep penetrance 
of the energy. Contact with energy levels of 70,000 V or 
more is almost always fatal. 

Flash burning is a second type of electrical burn, and 
is associated with close exposure to an arc of electrical 
power moving through the air. In this setting, no current 
actually flows through the body of the casualty. Instead 
they are exposed to the heat, intense ultraviolet radiation 
burst, ionized atmosphere, and potential combustion of 
gases surrounding the electrical arc. This may cause burns 
(usually superficial in nature) directly or by ignition of the 
casualties’ clothing, thereby resulting in flame burns. Elec- 
trical exposures of both types have the potential to damage 
cardiac conduction and renal function (due to rhabdomy- 
olysis) to a greater degree than other burning mechanisms. 
Electrical burns are common in one or a few casualties, 
but are unlikely to be the cause of a mass burn event. 


Chemical Burns 


Chemical exposures are a potential mechanism of mass 
burn events. Although usually the result of industrial 
sources, there is an increasing risk for terrorist actions 
as a cause of chemical exposures. The degree of chemical 
burn is dependent on several factors including the nature 
of the chemical, the duration and extent of exposure, 
and several factors such as the casualty’s age, underlying 
medical conditions, and the quality of skin. 

In general, highly alkaline substances produce a 
liquefaction necrosis that continues to move deeply into 
new tissue over time. In contrast, highly acidic compounds 
penetrate less deeply as they cause coagulation necrosis 
that provides a barrier to deep penetration. In addition 
to cutaneous concerns, chemical burns are capable of 


inhalation and toxic injuries as well. More detailed 
descriptions and management are covered in Chapter 27. 


Inhalation Injury 


Inhalation injury is the most common cause of death 
in mass burn events. As such, casualties presenting to 
the emergency department (ED) from such an event are 
likely to have at least some component of inhalation 
injury. An important function of the triage officer is to 
identify casualties with potential or real inhalation injury, 
as these casualties will benefit from respiratory evaluation 
and intervention. In the crush of casualties arriving, the 
clinical entity of inhalation injury may be overshadowed 
by the more obvious presentations of traumatic injuries. 
In fact, casualties with inhalation injuries may have 
a relatively benign initial clinical presentation only to 
collapse into respiratory arrest a short time later. The 
mechanisms of inhalation injury are generally broken 
down into three major categories, pulmonary parenchymal 
damage, primary asphyxia, and cellular asphyxia. 


Pulmonary Parenchymal Damage 


Pulmonary parenchymal damage results from the inhala- 
tion of hot gases of combustion, superheated air, or steam. 
In some cases, this can occur even without external ev- 
idence of burns. Such thermal injury is often missed at 
the time of initial evaluation and often adverse clinical 
outcomes result (13). 

The thermal energy of inspired gases is rapidly trans- 
ferred to tissue. As such, most thermal airway burns are 
found in the upper airway (supraglottic) region. Steam 
inhalation is the major exception to this rule. It has been 
reported that steam has around 4,000 times the heat 
carrying capacity when compared with air or other gas 
mixtures. This fact has been used to explain the deep air- 
way and pulmonary parenchymal burns seen with steam 
inhalation (14). One report of 15 casualties from a marine 
boiler explosion indicated that airway burns due to steam 
inhalation was a major contributing factor in those dying 
of their injuries (15). 

The burned airway tissue develops edema (which 
may actually be made worse by fluid resuscitation) with 
eventual airway obstruction. The full extent of airway 
injury is usually worse than it first seems, and may take 12 
to 24 hours to fully manifest. Soot and other particulate 
products of combustion may accumulate in the airway, 
causing obstruction and bronchospasm. 


Pulmonary Asphyxia 


Material produced in the combustion process may pro- 
duce asphyxia by directly damaging the airway structures. 
Some substances produced during combustion include 
acrolein, hydrogen chloride, nitrogen dioxide, aldehyde, 
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chlorine gas, ammonia, and various hydrocarbons, acids, 
and ketones, all of which may have a caustic effect on 
the airway mucosa and respiratory membranes. These 
substances may result in airway edema, necrosis, and 
obstruction. In addition, damage to the primary respira- 
tory membranes of the alveoli destroys the gas-exchanging 
capabilities of the lungs. 


Cellular Asphyxia 


Cellular asphyxia results when absorbed products of com- 
bustion have a toxic effect on the cellular molecules of 
respiration. Although there are a number of such sub- 
stances produced, hydrogen cyanide and carbon monoxide 
are the two most common. Potential poisoning by these 
two agents must be kept in mind when evaluating and 
treating mass burn casualties. 


Blunt Trauma 


With the frequency of industrial explosions and terrorist 
bombings being associated with mass burn events, one 
must always consider the traumatic mechanisms of blast 
injury in the management of these casualties. The specifics 
of injury mechanisms, evaluation, and treatment are 
covered in Chapter 32. 


Crush Injury 


Crush injury is another major potential injury mechanism 
associated with mass burn events. The most troublesome 
type is associated with the “human stampede” of people 
attempting to exit the burning area. People often rush to 
escape the flames and trample others who have fallen or 
are trapped against solid structures in and around the 
exit. Deaths and injury by this mechanism are commonly 
reported in evaluations of mass burn events. 


BURN PATHOPHYSIOLOGY 


The local reaction of skin to burning creates three basic 
zones of injury, the zone of coagulation, the zone of 
stasis, and the zone of hyperemia (6). The pathophysiology 
associated with these zones is important as it underlies 
the logic of burn therapy. 

The zone of coagulation is at the point of maximum 
damage to the skin and other tissues. Coagulation of pro- 
teins has occurred resulting in permanent loss of tissue. 
As such this zone of injury will not be reduced or im- 
proved by therapy. The zone of stasis surrounds the zone 
of coagulation and consists primarily of an area of de- 
creased tissue perfusion. Variable levels of tissue damage 
and inflammatory reaction are present within this zone. 
The zone of stasis also represents the tissue that may 
benefit the most from aggressive and properly conducted 


Zone of hyperemia 


Zone of stasis 


E pidermis 


FIGURE 31-2. The burn zones described by Jackson indicating 
areas of salvageable tissue. (Data from Jackson DM. The 
diagnosis of the depth of burning. Br J Surg 1953;40:588. [16].) 


burn resuscitation and care. The primary aim of local burn 
therapy during the initial presentation of the casualty is to 
improve perfusion in this zone and prevent such damage 
from becoming irreversible. Measures to prevent the de- 
velopment of shock, infection, or edema (all of which have 
deleterious impacts on the damaged tissue) are important 
as well. The zone of hyperemia is the outermost region of 
the burn. It represents a region of increased blood flow 
and inflammatory response. This zone will almost always 
recover without sequela as long as additional insults such 
as shock or infection do no further damage. These zones 
are graphically demonstrated in Fig. 31-2. 


BURN CLASSIFICATION 
AND EVALUATION 


Accurate evaluation of the depth and the surface extent of 
a burn injury are critical to the implementation of initial 
resuscitation in burn casualties. Evaluation of such burns 
can be a difficult task particularly under the stress of a 
mass burn incident. 


Burn Depth 


Assessment of the depth of tissue damage due to burning 
is important in determining the therapeutic approach to 
the casualty. In general, burn depth is characterized as 
partial thickness or full thickness, with superficial or deep 
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E 


FIGURE 31-3. The relative depth of burns. (Adapted from 
Hettiaratchy S, Papini R. ABC of burns: Initial management of 
a major burn:II—assessment and resuscitation. BMJ 2004;329: 
101-103, with permission.) 


penetration. Fig. 31-3 demonstrates the depth of burns 
graphically. Partial thickness burns are those that do not 
extend through all layers of the skin while full thickness 
burns do. Full and partial thickness burns are then further 
divided into superficial and deep. 

Superficial burns damage the epidermis but do not 
extend into the dermis. These burns are associated with 
pain and erythema but do not require aggressive interven- 
tion. Sunburns are a good example of this burn depth. 
Superficial dermal burns involve both the epidermis and 


FIGURE 31-4. The Lund and Browder burn calculation 
chart. (From Lund CC, Browder NC. The estimation of 
areas of burns. Surg Gynecol Obstet 1944;79:357-358, with 
permission.) 


Lund and Browder charts 


the superficial layers of the dermis. These wounds are 
painful and usually blister. Deep dermal burns extend 
through the epidermis and most (but not all) of the der- 
mis. There is no involvement of the subcutaneous tissue 
in deep dermal burns although most of the pain receptors 
located in the dermis will be destroyed leaving only some 
touch and pressure sensation. Full thickness burns extend 
through the entire depth of the skin and into various levels 
of the subcutaneous tissues. A rapid assessment of the na- 
ture and extent of burns must be done at triage followed 
by a more comprehensive estimation of the burn severity 
when initial therapy is started. 


Clinical Assessment of Burn Depth 


Three major clinical indicators may be used to assist in de- 
termining the depth of a burn wound—bleeding, sensation, 
and appearance. Evaluation of bleeding due to pinprick is 
useful in determining the depth of a burn. Easy and 
prompt bleeding suggests a superficial burn, while de- 
layed bleeding or the need to insert the needle deeply 
suggests a dermal burn. No bleeding usually indicates a 
full thickness burn. 

Sensation is often altered in burns due to edema as 
well as burn damage, making assessment based on this 
modality less reliable than some others. However, pain on 
needle prick suggests a superficial or superficial dermal 
burn (in which the pain sensors have remained intact). 
Touch sensation without pain may indicate a deep dermal 
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burn whereas no sensation is usually the result of a full 
thickness burn. 

Estimation of burn depth by appearance alone can also 
be difficult. Burns may be covered with soot or other 
debris initially obscuring much of the wound appearance. 
Such burns should be cleaned with irrigation and sterile 
gentle mechanical manipulation should be employed 
where needed to remove lightly adherent particles. Deeper 
cleansing should probably be left to the burn surgeon’s 
direction. Capillary refill testing with a sterile cotton swab 
assists in evaluation of the burn appearance. A red moist 
wound that blanches and refills rapidly is a superficial 
burn. If the appearance is pale or dry but the wound 
blanches and regains color (however slowly), the burn 
is superficial dermal in depth. A wound with a bright 
red color, mottled in appearance, and not blanching or 
changing color is deep dermal. Finally, a wound that is 
white, pale, and waxy and will not blanch with pressure is 
a full thickness burn. 


Calculation of Burn Extent 


In addition to evaluation of the burn depth, calculation of 
the extent of the burn by percent BSA is critical. Burns are 
dynamic wounds and will change rapidly in appearance 
especially over the first 24 hours. Much of this change 
is due to further cellular death within the zone of sta- 
sis. Although resuscitative efforts are, in part, directed 
at the preservation of tissue within this zone (and there- 
fore accurate calculation of depth and extent of burn are 
important), delay in resuscitation while making detailed 
burn calculations is not appropriate. Some study and prac- 
tice are needed to become proficient in burn calculation. 
However, starting resuscitation based on the best clinical 
estimation is preferable to delay of resuscitation. Three 
major methods are commonly used for the purpose of es- 
timation of the extent of burns, the palmar surface method, 
the rule of nines, and the Lund and Browder method. 


The Palmar Surface Method 


The palmar surface of the burn casualty (including the 
fingers) makes up approximately 0.8% to 1% of the BSA. 
As such, visual calculation of the area of the burn based on 
the palmar size is a fairly good estimate of the burn area. 
The method is roughly accurate for small burns (<15% 
BSA) or larger burns (>85% BSA), but quite inaccurate 
for burns between these ranges (6). It is however a rapid 
method of making burn area estimations. 


The Rule of Nines 


Developed in the 1950s as a rapid method to estimate 
burn area, the rule of nines has been used extensively. It 
consists of dividing areas of the body into areas of 9% or 


42% 


Anterior Posterior 


FIGURE 31-5. The rule of nines. (From Wallace AB. The 
exposure treatment of burns. Lancet 1951;3:501-504, with 
permission.) 


multiples of nine (17). This division is depicted in Fig. 31-4. 
Although more rapid than other methods, and generally 
accurate in adults, this method is inaccurate in children. 
Alternate charts and multiple methods have been created 
for children but they always tend to overestimate the BSA 
of the burn. 


The Lund and Browder Chart 


The Lund and Browder chart represents a more accurate 
method of calculating BSA for burns. This is due to 
the fact that it compensates for the variations of body 
surface with variations in age. This makes the chart much 
more accurate in children who are more dependent on an 
accurate BSA calculation for volume resuscitation (18). 
Currently, this method is the most accurate but it is also 
the most time consuming. The Lund and Browder chart is 
depicted in Fig. 31-5. 


BURN TRIAGE 


Ideally, personnel with Advanced Trauma Life Support 
(ATLS) and possible Early Management of Severe Burns 
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(EMSB) training should perform triage (19). Although 
the most seriously injured casualties usually receive the 
highest priority, in a mass burn event this approach will 
likely need to be modified (20). Despite the fact that 
no universal method exists for triaging burn patients, 
some general guidelines do exist. The philosophical 
and medical considerations associated with resource- 
constrained (disaster) triage are discussed in Chapter 2. 

Although there are estimates of survival that have been 
made regarding burn casualties, most of these studies 
have been done in settings outside of mass casualty 
burn events. Therefore, it is obvious that such survival 
estimates are not exportable to the mass burn setting. It 
is reported that essentially healthy casualties with burns 
of 60% BSA have a 50% mortality rate (21). However, 
in reports of military casualties during which conditions 
more closely approximate resource-constrained triage, the 
survival rates for casualties with burns of 60% BSA are 
substantially lower (22). In fact, some sources contend that 
40% BSA burns are beyond the capabilities of medical 
care during resource-constrained triage (23). Typically, 
casualties with greater than 50% full thickness burns will 
not survive; while a casualty with less than 15% BSA burns 
will (20,24). 

Therefore, it has been suggested that priority 1 should 
be given to casualties with burns between 15% and 50% 
of BSA as they may more likely be saved by adequate 
treatment but might die without it. Priority 2 should be 
assigned to those with less serious injuries, typically less 
than 15% of BSA, who can be treated after priority 1. 
Priority 3 is assigned to the “walking wounded,” who 
can be transferred to hospitals by means other than an 
ambulance. Priority 4 is assigned to the dead or to those 
so severely injured that death is imminent (25). 


BURN CASUALTY MANAGEMENT 


Initial Burn Interventions 


The concept of initial burn management may be seen as 
a set of five major steps: (a) stop the burning process, 
(b) establish an airway, (c) initiate fluid resuscitation, 
(d) relieve pain, and (e) protect the burn wound. 


Stop the Burning Process 


To stop the burning process, the casualty is removed 
from the burning environment. Clothing—a potential 
source of continued thermal or chemical burning—should 
be removed at once. All jewelry, particularly rings and 
constricting bracelets, must be removed as swelling will 
rapidly convert these items into constricting tourniquets. 
After rapid assessment and estimation of the significance 
(depth and extent) of the burn, the casualty should be 
wrapped in sterile dry sheets or other coverings. 


Establish an Airway 


High flow oxygen (100% fraction of inspired oxygen 
[F102] by a non-rebreathing mask) should be applied. 
The casualty’s airway should be rapidly evaluated. Any 
indications of upper airway burn or respiratory distress 
should be an indication for early airway intervention. In 
addition, those casualties with minimal initial indications 
of airway injury but a history of burning within a confined 
space, or loss of consciousness should be considered for 
early intubation. Such casualties may appear relatively 
well initially but rapidly lose their airway as swelling 
starts. Once swelling is present, management of the airway 
becomes quite complicated. 


Initiate Fluid Resuscitation 


Fluid resuscitation should be initiated next. Fluid resusci- 
tation is indicated for all burn casualties with a calculated 
BSA burn of 15% in adults and 10% in children (26). The 
mode of fluid resuscitation should be preferentially intra- 
venous; however, oral resuscitation is possible in some 
settings and will be discussed (26,27). The specific cal- 
culation of the volume of fluid needed is based on the 
calculation of the BSA burn and is somewhat controver- 
sial (28). Despite this, two major formulas are commonly 
used to provide fluid resuscitation guidelines. Both of 
these methods seem to produce good clinical results. 

The Parkland Formula (also known as the Baxter 
formula) is the most widely used method and is calculated 
as follows. 


4 mL x Weight in kg x % BSA burn 
= Volume of lactated Ringer’s in 24 hours 


Lactated Ringer’s solution is used in the burn fluid resus- 
citation protocol. Half of the calculated volume is given 
during the first 8 hours (from the time of the burn, not 
the time of arrival to medical care) and the remainder is 
given in the next 16 hours. The second common formula 
is known as the modified Brooke formula. It is precisely 
the same, with the exception that 2 mL is used rather 
than 4 mL in the calculation. These calculations probably 
represent a range of the minimum fluid requirements of a 
burn casualty. Fluid needs will be increased in the setting 
of additional trauma, pregnancy, inhalation injury, and 
electrical and crush injuries. In addition, fluid resuscita- 
tion must be carefully monitored and often modified with 
coexistent cardiac, pulmonary, or renal disease. 

Alternate methods of administering and monitoring 
fluid resuscitation have been published. An important con- 
cept is that calculation of the fluid needs by the Parkland 
formula or Brooke formula should serve as the starting 
point in fluid resuscitation. The casualty is then carefully 
monitored clinically as to vital signs, mental status, capil- 
lary refill, and hourly urine output. Urine output should be 
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maintained at 0.5 to 1 mL/kg/hour in the adult. In the child, 
urinary output should be maintained at 1 mL/kg/hour (7). 


Oral Fluid Resuscitation 

Fluid replacement is the key initial intervention in the 
management of burn casualties. Initiation of fluid resusci- 
tation is recommended in adults with 15% BSA burns, and 
in children with 10% BSA burns (26). When large numbers 
of casualties present during a mass burn event, volume 
resuscitation for such casualties is no less important. 
However, under resource-constrained triage, available in- 
travenous fluids may be in limited supply. Some evidence 
does exist to support the fact that oral rehydration may 
be a viable (although less preferred) alternative to intra- 
venous hydration in some select casualties. The select 
recommendations that may be considered are to attempt 
oral resuscitation for casualties with less than 25% BSA 
burns and intravenous resuscitation for casualties with 
30% to 75% BSA burns (26). It is however not clearly 
known that the largest BSA burn can be managed with 
oral resuscitation and therefore one might consider such 
therapy in austere conditions in the absence of intravenous 
resources for burns larger than 25%. 

Oral therapy is not only limited by the frequency of 
nausea and vomiting in the burn casualty but also by 
the rate of gastric emptying. Although no studies have 
evaluated average gastric emptying rates during the stress 
of burn injury, some studies have been done to assess 
this rate during the stress of exercise. Evaluation of test 
subjects exercising at 70% to 90% maximal effort indicate 
that the mean gastric emptying rates of a carbohydrate- 
electrolyte solution was around 600 mL per hour. Rates 
of up to and in excess of 1,000 mL per hour were also 
documented (29). No significant difference has been noted 
for this rate when trained and untrained subjects are 
compared (30). 

The initial fluid load during the first 8 hours after the 
burn represents the highest rate of fluid administration to 
the mass burn casualty. In an average 75-kg person, using 
the Parkland formula, this corresponds to approximately 
a 53% to 54% BSA burn before maximal gastric emptying 
rates are likely to be exceeded during that first 8 hours. 
If fluid needs are based on the modified Brooke formula, 
even larger burns could theoretically be addressed by oral 
resuscitation if intravenous resources are not available. 

The choice of solution for oral rehydration may vary 
depending on the setting. Children with 10% BSA burns 
have been successfully resuscitated with a number of 
solutions including milk, Moyer’s solution, Pedialyte, or 
Diorlyte (27). Although there are theoretical concerns 
of hyponatremia with oral resuscitation of pediatric 
casualties, this has not commonly been reported in 
practice. Oral resuscitation of adults has been performed 
with a variety of solutions including water, orange juice, 
and even Coca Cola (26). Vomiting is known to be a major 


limiting factor of the ability to use oral resuscitation 
in burns. Oral resuscitation should be in concert with 
intravenous analgesics and antiemetics, as indicated. 


Relieve Pain 


Adequate pain relief should be provided with intravenous 
morphine sulfate, which is the generally accepted narcotic 
analgesic standard. Titration to the best relief of pain at 
the lowest dose is the goal. It should be noted, however, 
that rather large doses are often needed for adequate 
pain relief and should not reasonably be avoided due to 
concerns of respiratory depression. Anxiolytic agents may 
be used as adjunctive therapy when indicated but will not 
be an adequate substitute for narcotic analgesia. 


Wound Care 


Tetanus prophylaxis should be administered unless the 
casualty is known to be current on such immunization. 
Tetanus immune globulin is also indicated for those who 
do not have a history of full tetanus immunization. Burn 
wounds should remain covered by dry sterile sheets until 
evaluated by a surgical or burn consultant. Other wound 
care will depend on the specific burn wound protocols 
preferred by these consultants. 


Additional Considerations — Inhalation 
Injury 


Inhalation injury management is a complex issue that 
starts with early management of the casualty’s airway and 
carries on through pulmonary and toxicological interven- 
tions. If an error occurs in the management of inhalation 
injury, it is usually associated with underestimation of 
the degree of airway injury, and a lack of aggressive in- 
tervention. Endotracheal intubation, humidified oxygen, 
bronchodilators, good fluid resuscitation, and pulmonary 
toilet are the mainstays of inhalation injury management. 


Carbon Monoxide 


All casualties with inhalation injury should initially be as- 
sumed to have associated CO poisoning. All such casualties 
should be maintained on 100% Flo? by non-rebreathing 
mask or endotracheally intubated (depending on their 
condition). Carboxyhemoglobin (COHb) levels may be 
available but should not be relied upon to guide the 
therapy in the setting of a mass burn event. In addi- 
tion, COHb levels in the serum do not correlate well 
with tissue levels of CO (31). Pulse oximeter readings 
are also misleading with CO poisoning as the sensor 
used cannot differentiate between COHb and normal oxy- 
hemoglobin levels, thereby giving a falsely high oxygen 
saturation reading (32). This requires that casualties be 


358 IV. Industrial, Technological, and Transportation Disasters 


evaluated for therapy of CO poisoning based more on 
symptomatic clinical criteria rather than strict labora- 
tory evaluation. The symptoms of CO poisoning include 
flu-like presentations, fatigue, malaise, nausea, vomiting, 
headache, difficulty concentrating and remembering, la- 
bile emotions, dizziness, numbness, tingling, weakness, 
decreased mental status, seizures, and respiratory arrest. 
In addition, casualties may present with ischemic chest 
pain, palpitations, dysrhythmias, hypotension, decreased 
capillary refill, and cardiovascular collapse. 

In general, casualties with suspected CO poisoning and 
minimal symptoms should be placed on oxygen at 100% 
for a period of at least 4 hours. After that time, if the 
symptoms have abated they may be removed from oxygen 
therapy. Those casualties in whom symptoms do not 
resolve after 4 hours should be considered for hyperbaric 
oxygen therapy (HBO), if available. Casualties with CO 
poisoning and obvious symptoms of a history of loss of 
consciousness, amnesia, myocardial ischemia, or seizures 
should be considered for HBO on initial presentation. 
The number of casualties with CO poisoning arriving 
during a mass burn event will likely overwhelm the ability 
of most communities to provide access to HBO. In this 
setting, those likely to benefit most from the treatment 
(the moderately to severely ill, the young, and pregnant 
mothers) should probably receive priority for HBO. The 
remainder of the casualties should be maintained on 
100% Fio2 pending resolution of symptoms or eventual 
availability of HBO. 


Cyanide 


CN poisoning is another potential concern in the mass 
burn casualty. Usually, CN-poisoned individuals will be 
dead at the scene and therefore not resuscitated (33-36). 
In addition, those casualties who do survive to reach 
the ED are likely poisoned with CO or other substances 
as well (35,36). However, should CN intoxication be 
suspected, application of specific antidote therapy would 
be indicated. In the United States, a CN treatment kit 
is available through Taylor Pharmaceuticals. This kit 
contains an ampoule of amyl nitrite for inhalation, sodium 
nitrite as a 3% solution—10 mL vial, and sodium thiosulfite 
as a 25% solution 50 mL vial. Specific dose protocols may 
be obtained within the package insert or from Chapter 34. 
Other antidotes to CN are available in various regions of 
the world and these should be investigated by the clinician 
as part of the mass burn response planning effort. 


Thermal Regulation 


Mass burn casualties have lost much of the primary 
mode by which thermal regulation is maintained (i.e., 
the skin). In addition, they will likely be receiving large 
amounts of fluid, much of which will probably be at 


room temperature. Every effort must be made to maintain 
normothermia during the evaluation and resuscitation of 
the mass burn casualty. The hypothermic casualty requires 
substantially more energy to maintain homeostasis. 


PREHOSPITAL CONSIDERATIONS 


In the setting of a mass burn disaster, the organization at 
the scene is of utmost importance. Rapid establishment 
of scene control and the implementation of a command 
structure are critical to good casualty management (37). 
Rapid estimates as to the number of casualties must be ef- 
fectively communicated to the receiving hospitals to avoid 
overcrowding the system and burn units with cases that do 
not need immediate specialized care (1). This early com- 
munication will also allow sufficient time to activate local 
or regional disaster plans. Consideration must be given to 
modification of usual criteria for transferring casualties to 
burn specialty care to avoid saturation of such specialty 
resources. Such modified protocols should be in place and 
agreed upon by all involved agencies and institutions. 

Initial scene protocols are the source of some discus- 
sion. Some reports recommend that the first ambulance to 
arrive at the scene should be designated as the triage unit, 
while others suggest a “scoop and run” approach (25,38). 
Those who favor the latter approach argue that since most 
burn casualties are initially stable, rapid evacuation to a 
hospital for assessment is appropriate. Others argue that 
quick transport to hospitals will merely shift the chaos 
from the scene to the ED (38). In either case, it is manda- 
tory that effective communication is established between 
the scene and the receiving hospitals. 

Assuming that the burning process has been extin- 
guished, treatment always begins with assessment of 
airway, breathing, and circulation. If inhalation injury 
is suspected, oxygen should be administered and endo- 
tracheal intubation performed as necessary. At least one 
intravenous line should be started at the scene and analge- 
sia should be administered generously (20,39). The patient 
should also be assessed for any associated injuries that 
may have occurred (20). The burn should be wrapped 
in only a sterile or clean sheet after removing the burnt 
clothing (24). 


EMERGENCY DEPARTMENT 
CONSIDERATIONS 


By the time casualties begin arriving at the ED, the disaster 
plan has ideally been set into motion. Depending on 
the number of casualties anticipated, this includes rapid 
down triaging of noncritical ED patients and notification 
of on-call staff per individual disaster plan. Conversion 
of regular emergency care areas into fully equipped 
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resuscitation rooms may be carried out if large numbers 
of burn casualties are anticipated. Carts containing 
medications, analgesia, burn dressings, lactated Ringer’s 
solution, intravenous set-ups, and airway equipment may 
be provided by pharmacy to each bedside (25). 

Studies on mass trauma and burn disaster management 
predict that 50% to 80% of all casualties will arrive within 
90 minutes of the first arrival at the closest facility (40). 
The studies also predict an average duration of 3 to 
6 hours for all casualties to be treated in the ED. Both 
of these predictions were realized in the mass burn 
event at the Rhode Island Station Nightclub (41). This 
small window of time emphasizes the importance for 
establishing effective communication between the disaster 
site and area hospitals. 

Prenumbered identity bands with an attached Lund 
and Browder chart for each casualty will prove useful 
to the facilities receiving casualties (42). A second triage 
is performed immediately upon arrival to the ED along 
with assessment of the casualty’s burns (19,24,39). A clear 
airway is ensured and early intubation must be considered 
in patients with burns of the face and neck, singed 
eyebrows or nasal hair, burns in the mouth, carbonaceous 
sputum, or those with a history of confinement in a closed 
space (39). Adults with burns greater than 15% BSA 
and children with burns greater than 10% BSA should 
receive fluid resuscitation (19). Criteria exist to define 
the nature of burn casualties who require specialized 
wound care provided at a burn center. These criteria will 
obviously need to be modified during a mass burn event 
to prevent saturation of burn center resources. Much of 
the initial burn care and essentially all of the initial burn 
resuscitation will be provided at general care hospitals 
during the first 24 to 48 hours. 


DISPOSITION 


Ideally, a burns assessment team (BAT) should be sent 
to the primary admitting hospitals to advise on triage, 
management, and eventual transfer or casualties need- 
ing specialized burn care (19,38). It should consist of a 
burn surgeon (minimum senior resident) and a senior 
burn nurse who are knowledgeable of the bed availability 
at burn units across the region. For casualties requiring 
admission to a burn unit, some authors recommend im- 
mediate transfer after stabilization (19). Other authors 
advocate delaying transfer until after a 24-hour resuscita- 
tion period, which allows more time for decision making 
regarding which casualties should be transferred and by 
what means (41). Some usually accepted criteria for burn 
center referral are noted below. 


m Full thickness burns greater than 5% BSA in any age- 
group 


m Partial and full thickness burns greater than 10% BSA 
in those younger than 10 years or older than 50 years 

m Partial and full thickness burn greater than 20% BSA in 
all age-groups 

m Partial and full thickness burns involving face, hands, 
feet, genitalia, perineum, and major joints 

m Electrical burns (including lightning burns) 

m Chemical burns with serious threat to function or 
cosmesis 

m Inhalation injury 

m Burn injury in casualties with serious underlying 
medical conditions 


SUMMARY 


Clearly, many questions remain as to what management 
protocols are optimal to follow in a mass casualty burn 
event. Although triage criteria may be altered due to re- 
source constraints, the essentials of burn management 
remain the same. Rapid assumption of scene control is vi- 
tal to good casualty management and distribution within 
the local emergency heath care system. Alternate proto- 
cols need to be created in advance to avoid saturation of 
scarce burn center resources. Aggressive airway manage- 
ment and fluid resuscitation by all available means will 
likely save the maximum number of lives during a mass 
burn event. 
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Conventional Terrorist 
Bombings 


Daniel J. Dire 


It was enough to make a body ashamed of the human 
race. 
Mark Twain, The Adventures of Huckleberry Finn 


Terrorism is an act designed to generate fear, to intim- 
idate or coerce, to affect government conduct, to punish a 
specific target (1), and/or to maim or kill as many people 
as possible to gain news media attention (2). Bombings 
directed against innocent civilians have become the pri- 
mary instrument of terror, (3) and has rapidly emerged as 
a worldwide epidemic (4). By nature, a terrorist bombing 
is an isolated event. In the United States, federal, postal, 
and military facilities are considered targets for terrorist 
bombings (5). However, conventional terrorist bombings 
using roadside improvised explosive devices (IEDs) have 
been a daily occurrence in Iraq for the last several years. 

Blast trauma from bombing incidents varies greatly, 
depending on the physical environment (e.g., indoors or 
outdoors, the structural characteristics of the building 
or vehicle, and the proximity to reflecting surfaces), the 
device and explosive properties, the casualty populations, 
and the casualty distance from the blast and position 
relative to the blast wave (6,7). Bombing casualties 
have a significantly different injury complexity, increased 
severity, and more body regions involved than from other 
means of trauma (4). 

Explosions may kill or injure a casualty in several 
ways. The blast wave may cause internal damage in 


air-containing organs without any external signs of trauma. 
A blast may propel fragments into an individual, or it may 
propel the victim into stationary objects or structures. Ter- 
rorist bombs are usually small, often weighing only a few 
kilograms. This allows them to be hidden in areas where 
unsuspecting individuals will likely congregate or carried 
concealed by a suicide bomber. The biological damage 
caused by these small bombs is greatly increased when 
they are packed with small metal objects, such as bolts 
and nails (8,9). This tends to generate many casualties and 
to multiply the publicity impact for the perpetrators. 
Fortunately, most terrorist bombings in the last 
35 years have occurred primarily in urban areas and 
the local medical sources are adequate to care for the 
casualties (10). Terrorist bombings against civilians oc- 
cur typically at places where people congregate (11,12). 
One consistent pattern noted among survivors is the 
overwhelming predominance of relatively minor, noncriti- 
cal, non-life-threatening injuries. Generally, casualties are 
treated at the site or in nearby emergency departments 
(EDs) that can be quickly reached by ground transporta- 
tion. Most EDs are unprepared for the sudden influx of 
hundreds of bombing casualties. Such casualties arriving 
at the EDs after a bombing often arrive with complicated 
injuries that do not fall within the daily purview of the ED 
staff. To ensure proper planning and to be fully prepared 
to treat bombing casualties, medical personnel should be 
familiar with blast physics, the mechanisms and determi- 
nants of injury, and the epidemiology of bombing injuries. 


BLAST PHYSICS 


In the 18th century, Pierre Jars first described the injurious 
effects of explosions as “la grande et prompte dilation 
d"air” (13). He and his contemporaries noted that the 
variation of pressure in air, which resulted from the 
explosion, was the cause of injuries. 

Conventional terrorist bombs contain hydrogen, oxy- 
gen, nitrogen, and carbon compounds in various solid, 
slurry, liquid, or gaseous states (14), and they require 
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a detonator to initiate the explosion. If a volatile fuel 
is added, greater amounts of heat and energy are pro- 
duced (8). Terrorist bombs can be encased in metal or 
plastic containers and can range in size from 2 to 30 lb in 
parcels and up to 500 İb within vehicles. 

Conventional high-energy explosives such as trinitro- 
toluene (TNT) combust rapidly and generate an expanding 
sphere of hot dense gas (the blast) that can have a pressure 
of more than 10 x 10° pounds per square inch (psi) (15). 
This pressure is transmitted radially into the surrounding 
medium, creating a blast wave (shock wave), which has 
the following three features: a positive phase, a negative 
phase, and the mass movement of wind (blast wind). The 
combination of bomb weight and distance from the ex- 
plosion produces a particular pressure-time history. The 
destructive capacity of a blast is due to the force it exerts, 
called blast loading, which is described as a force per unit 
area (14). 

The defining characteristic of a blast wave at any point 
in space is the variation in ambient pressure over time 
(Fig. 32-1). During the positive phase, the wave increases 
in pressure rapidly and rises above the ambient air pres- 
sure, a phenomenon known as blast overpressure. The peak 
pressure and duration of the positive phase are a function 
of the size of the blast and the distance from the blast (16). 
The biological response to the blast wave from conven- 
tional explosives depends predominantly on the peak 
overpressure and the duration of the positive phase (17). 

Blast winds result from large volumes of air that are 
displaced by the expanding gases of the explosion (8). 
The blast strength is the ratio of overpressure to the am- 
bient atmospheric pressure. The term blast front is used 
to describe the leading edge of the blast wave. The blast 
wave propagates outward through the air at supersonic 
speed (velocities range from 3,000 to 8,000 m per second), 
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FIGURE 32-1. The ideal pressure-time history of an air blast 
in an undisturbed, free-field environment. The impulse is the 
integral of pressure over time. (Modified from Stuhmiller JH, 
Phillips YY, Richmond DR. The physics and mechanisms of pri- 
mary blast injury. In: Bellamy RF, Zajtcjuk JT, eds. Conventional 
warfare: ballistic, blast, and burn injuries. Washington, DC: Of- 
fice of the Surgeon General at TMM Publications, 1991:241-270. 
Textbook of Military Medicine series, with permission.) 


but it loses its pressure and velocity exponentially with 
the distance from the source (6,8,16). Because water 
is incompressible, underwater wave propagation has a 
much greater speed and loses energy less quickly with 
distance (16). 

Because the speed of propagation increases with pres- 
sure, the negative phase moves more slowly than the 
positive phase of the blast front (8). The negative phase can 
last ten times longer than the positive phase, and it results 
in pressure lower than ambient air pressure. During the 
negative phase, the blast wind reverses toward the direc- 
tion of the explosion, which may pull debris back as well. 

Blast pressures are defined as static, dynamic, or 
reflected (14). The static pressure is the air compression 
that is active in all directions due to the thermal motion 
of the gas. The dynamic pressure is the force associated 
with the movement of air particles at the leading edge of 
the shock wave. Blast waves that encounter a large, solid 
barrier (e.g., the wall of a building) in a perpendicular 
direction will result in a compression of molecules until 
they are so tightly packed that they are pushed back in 
the direction of the incident wave. As the blast winds 
become stronger, the overpressure in the reflected region 
grows proportionately such that they can reflect off solid 
objects at two to nine times the initial peak pressure (8). 
Therefore, blast waves that cause only modest injury in 
the open can be lethal if the casualty is standing near 
a reflecting surface (16). The fireball resulting from the 
explosion may ignite clothing, surrounding objects, or 
structures and can cause burn and inhalation injuries. 

Blast waves inside a confined structure undergo re- 
peated reflections from the interior surface and create a 
complex blast wave with three characteristics: (a) the in- 
cident blast wave, (b) a jumble of reflected waves, and 
(c) the static pressurization of the enclosure (14,17). In- 
door blasts can be associated with severe injuries because 
of the geometric increase in the pressure wave as it is 
reflected off walls, floors, and ceilings (18). The intensity 
and duration of this pressure depends on the volume of 
the confined structure and the degree of venting through 
doors and windows (17). 

Blast loading on a human being is the amount of force 
exerted on the body; it is affected by the body position in 
relation to the blast wave. If the maximum overpressure 
and duration of the positive incident overpressure remain 
constant and the presence of projectiles is ignored, the 
incidence of physical injury and mortality will be greater 
when a person is oriented with the long axis of the 
body perpendicular to (i.e., oriented side-on) and near 
a reflecting surface. Those who are not near a reflecting 
surface but are perpendicular to the blast winds will have 
a lower incidence of physical injury. The lowest levels of 
injury and mortality from the blast wave will be among 
casualties whose long axis of the body is parallel (i.e., 
oriented end-on) to the blast wind. 
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Blast waves cause injury because of their rapid external 
loading on the body and organs (14). Air-containing 
organs are the most sensitive to changes in air pressure 
and are therefore the most susceptible to distortion 
and stress (13,14). The more rapidly the blast loading 
increases, the less time the internal pressures will have 
to equilibrate and the greater the tissue distortion will 
be. Therefore, primary blast injury (PBI) is seen almost 
exclusively in air-containing organs (16). Low levels of 
tissue shear lead to compromised integrity of vascular 
beds, causing local hemorrhage. Higher levels of shear 
lead to severe tissue disruption and mechanical failure. An 
overpressure of 5 psi causes tympanic membrane rupture, 
16 psi results in pulmonary blast injury, and 30 to 42 psi 
is defined as the lethality threshold pressure (15,19,20). 

Water transmits blast waves more efficiently than air. 
Compared with air blasts, underwater explosions send out 
compressive shock waves at much higher speeds (up to 
5,000 ft per second) (14,21). After detonations of similar 
size, underwater blast injuries are more prevalent at a 
given distance than those in air blasts (13). The lethal range 
of a given charge size underwater is approximately three 
times that of free-field air blasts (16,22). As an underwater 
compressive shock wave reaches the surface, it is reflected 
as a tension wave. This interacts with the compressive 
wave at different times, resulting in a canceling effect that 
is greatest close to the surface. Therefore, the greatest 
impulse loading occurs in the deepest parts of a floating 
structure. Gastrointestinal injuries are much more likely 
in water than from blasts in air (16,17,21,23,24). A person 
in danger of an impending underwater blast should float 
on the surface instead of treading water. Fortunately, 
water greatly reduces the effective range of any fragments 
propelled from the blast. 


MECHANISMS OF INJURY 


Mechanisms and determinants of physical injury from 
blasts are multifactorial, including the type and size of the 
blast, the distance of the casualty from the explosion, the 
effects of environmental pressure changes, the conditions 
caused by blast pressures and blast winds, and the 
environment in which the blast occurs. The organs most 
often injured by blasts are the ears, skin, lungs, bowels, and 
the cardiovascular system and the central nervous system 
(CNS) (25). The serious effects of blasts commonly include 
respiratory injuries, gastrointestinal damage, and the 
introduction of air emboli into the circulation system (23). 


Primary Blast Wave Injury 


PBI is the direct, cussive effect of the pressure wave on 
the casualty (16). The true incidence of PBI is not known. 
PBI is more likely to occur when the detonation is in 


) TABLE 32-1 Categories of Primary Blast Injury 


System Injury 


Respiratory system Pulmonary hemorrhage 

Alveolovenous fistula (air-embolism 
production) 

Airway epithelial damage 

Cardiac contusion 

Myocardial ischemic change (air-embolism 
production) 

Gastrointestinal hemorrhage 

Gastrointestinal perforation 

Retroperitoneal hemorrhage 

Ruptured spleen or liver 

Retinal air embolism 

Orbital fracture 

Tympanic membrane rupture 

Ossicular fractures 

Cochlear damage 


Circulatory system 


Digestive system 


Eye and orbit 


Auditory system 


From Sharpnack DD, Johnson Au, Phillips YY. The pathology of blast injury. 
In: Bellamy RF, Zajtcjuk JT, eds. Conventional warfare: ballistic, blast, and 
burn injuries. Washington, D.C.: Office of the Surgeon General at TMM 
Publications, 1991. Textbook of military medicine series, with permission. 


a confined space (6,21). Categories of PBI are shown in 
Table 32-1. The amplitude of the peak overpressure, the 
rate of the pressure rise, and its total duration determine 
the biological effects of PBI (6). Because the pressure 
amplitude generated by explosions is inversely related to 
the cubic distance from the focus of detonation (16), 
the presence of severe pulmonary or intestinal PBI 
is evidence of the casualty’s relative proximity to the 
explosion (6). Pulmonary damage should be expected in 
50% of casualties exposed to a blast pressure of 70 psi 
or greater (17). Exposures to pressure levels of 80 psi or 
greater are lethal in more than 50% of cases (26). 


Secondary Blast Injury—Tertiary Blast 
Injury 


Open-air blasts may hurl objects through the air, caus- 
ing penetrating or nonpenetrating secondary blast in- 
jury (6,13). Fragments propelled by conventional blasts 
travel in the air far beyond the distance that the blast 
itself will cause injury (14). The higher the mass of ex- 
plosives, the higher the velocity and effective distance of 
the fragments (27). Most of the severe injuries among 
civilian casualties of terrorist bombings are attributed 
to secondary blast effects, such as shrapnel wounds (6). 
Wounds inflicted by these fragments do not differ from 
the classic ballistic wounds caused by bullets or fragments 
from conventional explosive munitions (21). Tertiary blast 
injury results from blunt trauma that occurs when the 
victim is lifted and thrown against a structure by the blast 
wave or blast winds. 
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Burns 


Flash burns result from the intense heat of explosions (8), 
but they are usually superficial because of the short 
duration. Other thermal injuries from radiation, hot gases, 
or fires are considered miscellaneous blast effects (16). 
Burns sustained by casualties of explosions in confined 
spaces are more severe, and they affect a larger percentage 
of total body surface area (6). The term combined blast 
injury is used when PBI occurs with secondary or tertiary 
blast injuries or with burns or radiation (23). Smoke and 
fumes from fires resulting from the blast may produce 
inhalation or toxic injuries. 

Crush injury from collapse of a structure is another 
indirect effect of bombings. Compression on muscle mass 
for more than 1 hour is likely to result in crush injury, 
but this has been seen in as little as 20 minutes (28). 
Crush injury to muscle results in the release of myoglobin, 
urates, potassium, and phosphates leading to oliguric re- 
nal failure (29). Compartment syndrome may occur from 
damaged edematous muscle and is usually in the extrem- 
ities (see Chapter 8). 

The concepts of spallation, implosion, and inertial ef- 
fects help define the impact the force of the blast wave has 
on tissues in the body (8,16,25). Spallation is the tendency 
for a boundary between two different density media to be 
disrupted when a compression wave in the denser medium 
is reflected at the interface. Implosion is the forceful com- 
pression of a gas bubble by a shock wave in liquid that 
results in the pressure in the bubble rising much higher 
than the shock pressure. As the pressure wave passes, the 
bubble re-expands explosively, disrupting local tissue. Two 
adjacent objects of different densities that are acted on by 
the same force can cause differential inertial effects. The 
lighter object will be accelerated more than the heavier 
one, causing shear at the boundary between the two. 

The organ most sensitive to the PBI is the ear (25,30). 
The blast pressure wave is amplified along the auditory 
conductive pathway increasing the ear’s sensitivity to lev- 
els of blast overpressure that might not be sufficient to 
cause PBI in other organs (23). Auditory damage from 
blasts includes the rupture of the tympanic membrane, 
dislocations or fractures of the ossicular chain, and dam- 
age to the organ of Corti within the cochlea. Perforations 
usually involve less than one-third of the tympanic mem- 
brane (16). In a series of 147 patients who sustained blast 
injury, the distribution of perforations were the inferior 
part of the eardrum in 48% of the cases, the superior part 
in 23%, the Umbo 13%, the combined superior and inferior 
parts in 15%, and marginal injuries in 6.6% (31). Hemor- 
rhage in the tympanic membrane is often found around 
the periphery of the pars tensa or immediately below the 
anterior or posterior malleal folds (32). Most perforations 
heal spontaneously without sequelae; cholesteatoma is 
a reported complication that is confined to patients in 


whom the membrane does not heal within 10 months and 
tympanoplasty was not subsequently performed (31). Os- 
sicular damage includes the medial displacement of the 
malleal handle with disruption of the incudomalleal joint 
and incudostapedial joint separation with and without a 
stapes fracture (23). 

Transient sensorineural loss usually resolves within the 
first few hours of a blast, but 30% of bombing casualties 
may have permanent loss (21,33). Tinnitus tends to 
parallel sensorineural hearing loss, and it usually resolves 
as the hearing loss does. A 1-year audiological monitoring 
of 83 survivors of the 1995 Oklahoma City federal building 
bombing showed that 76% still reported tinnitus, 58% had 
distorted hearing, and 57% displayed otalgia (7). 

Injury to the lung is the greatest cause of morbidity 
and mortality (16). PBI to the chest results in damage 
to the alveolar parenchyma (34). The blast wave may 
also produce tears in the visceral pleura, as well as 
the formation of bullae and alveolar-venous fistulae. 
In experimental animal studies, more than 50% of the 
deaths from PBI occurred within the first 30 minutes; the 
autopsies revealed the presence of many air emboli (23). 
The most obvious and consistent sign of PBI to the lungs 
is hemorrhage, which can manifest by froth or blood 
in the oral cavity, nose, or lips (23). The hemorrhage 
may be pleural or subpleural, multifocal or diffuse 
within the parenchyma, or surrounding the airways and 
vascular structures within the parenchyma. Intraalveolar 
hemorrhage plus atelectasis probably result in a decrease 
in functional residual capacity, ventilation-perfusion ratio 
and an increase in right-to-left shunting of blood through 
the nonventilated alveoli (34). 

The characteristic clinical pattern of pulmonary PBI is 
rapid respiratory deterioration with progressive hypoxia, 
leading to a need for mechanical ventilatory support 
with high forced inspiratory oxygen fraction of inspired 
oxygen (FIo2) (6). Widespread pulmonary edema does not 
usually occur as a result of PBI. Only a small number of 
terrorist bombing survivors have pulmonary PBI resulting 
in respiratory failure and high inhospital mortality (12,30). 
This is true because people close enough to sustain such 
injuries from air blasts are likely to be killed immediately 
by the secondary and tertiary effects or by massive air 
embolisms resulting from the PBI (17,18). Body armor 
such as that being worn by coalition soldiers in Operation 
Iraqi Freedom protects against blast projectiles (secondary 
blast injury), but does not protect against blast lung injury 
(PBI). 

Other lung injuries include pneumothorax, hemotho- 
rax, traumatic lung cysts, interstitial emphysema, pneu- 
momediastinum, and subcutaneous emphysema. Chest 
wall damage, including rib fractures, is usually not seen in 
the absence of other pulmonary trauma (16). Air emboli, 
which can result from traumatic alveolar-venous fistulae, 
are responsible for most of the early mortality from 
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PBI (16). The more severe the pulmonary hemorrhage 
is, the greater the likelihood of significant embolism (23). 
Pulmonary symptoms in survivors of major blasts include 
hemoptysis (55%), dyspnea (38%), and chest pain (22%). 
Clinical findings include parenchymal infiltrates (84%), 
crackles (40%), hemothorax (27%), pneumomediastinum 
(27%), and pneumothorax (4%) (21). In one series of 12 pa- 
tients with blast injury to the chest, 4 (33%) presented with 
cyanosis and 10 had severe associated injuries, including 
9 who required laparotomy (22). 

Blast injury affects the abdominal cavity similar to 
the thorax, including the following: (a) tissue distortion 
caused by the blast wave striking and displacing the body 
wall, leading to shear; (b) no visible external injury; 
(c) highest vulnerability of the air-containing organs; 
and (d) hemorrhage and tearing of tissue as the most 
common lesions (23). Gastrointestinal hemorrhage is 
most common in the lower small intestines or the cecum 
where gas commonly accumulates. Perforation may occur 
immediately at the time of the blast injury, or it may 
be delayed up to days later (12). The most common 
site of intestinal perforation is at the ileocecal junction. 
Retroperitoneal hemorrhage and damage to solid organs 
are less common, and these are more likely the result of 
secondary or tertiary blast injuries (21). In a combined 
series of 43 hospitalized patients from an underwater 
blast, 67% had a perforated bowel, 2% had isolated bowel 
hematoma, and 2% had a solid visceral injury (22,24). 

Circulatory system injury may be a direct result of the 
blast wave itself; however, indirect effects such as air em- 
boli from pulmonary injury can occlude coronary arteries 
and cause cardiac arrest. Hemorrhage, or myocardial con- 
tusion, is the most common blast-related lesion found in 
the heart, and it occurs most often on the diaphragmatic 
surface (23). Myocardial lacerations have also been docu- 
mented. Coronary artery air embolism is thought to be a 
major cause of death in blast casualties. 

Head injury with neurological impairment may result 
from the kinetic energy of the blast overpressure causing 
diffuse axonal injury (35). Head injury resulting from 
secondary and tertiary blast effects may result in skull 
fractures and intracranial hemorrhage. 

Traumatic amputations are a hallmark of grave progno- 
sis among blast casualties. Most cases are caused directly 
by shock waves, but some result from large secondary mis- 
sile fragments (6). Because most traumatic amputations 
reflect a high energy transfer, such patients have a high 
likelihood of dying from severe associated injuries (2). 
In fact, limb amputation should be considered a marker 
for underlying chest and abdominal trauma (36). In a 
review of six suicide bombings that occurred on buses 
in Israel, only 2 of 41 casualties who suffered traumatic 
amputations survived (37). 

Various metal objects added to terrorist bombs aggra- 
vate and diversify the wounding process (27). Fragments 
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FIGURE 32-2. Collective profile of injury patterns among 4,350 
terrorist bombing casualties. (Data compiled from Mallonee S, 
Shariat S, Stennies G, et al. Physical injuries and fatalities result- 
ing from the Oklahoma City bombing. JAMA 1996;276:38-387; 
Hogan DE, Waeckerle JF, Dire DJ, et al. Emergency department 
impact of the Oklahoma City terrorist bombing. Ann Emerg 
Med 1999:34:160-167, and Frykberg ER, Tepas JJ IH, Alexan- 
der RH. The 1983 Beirut Airport terrorist bombing. Injury 
patterns and implications for disaster management. Am Surg 
1989;55:134-141; Thompson D, Brown S, Mallonee S, et al. Fatal 
and non-fatal injuries among U.S. Air Force personnel resulting 
from the terrorist bombing of the Khobar Towers. J Trauma 
2004:57:208-215.) 


cause most of the injuries from small bombs (30). There- 
fore, it is not surprising that soft tissue injuries (e.g., lac- 
erations, abrasions, and contusions) predominate among 
survivors of bombings (5,18,38-40) (Fig. 32-2). Bombs 
characteristically cause multiple wounds with associated 
gross soiling (41). The wounds vary in size from minute 
punctures to huge lacerations that are often impregnated 
with foreign bodies. In addition to bomb fragments and 
flechettes, foreign bodies found in wounds may include 
clothing, stones, glass, splintered wood, and plaster. Fine 
particles of dust may be embedded within the skin, produc- 
ing a discoloration called dust tattooing (17). The head and 
neck are the most frequently injured regions of the body, 
followed by the extremities (38). Clothing and footwear 
provide a protective effect for the covered areas of the 
body against soft tissue injuries (38). 

Blast injuries to the eyes usually occur as a result 
of secondary blast effects, most frequently glass frag- 
ments (42,43). Eye injuries from terrorist blasts can be 
extensive, involving the globe, the ocular adnexa, and the 
orbit. In one study of 55 patients with ocular injuries 
after a terrorist bombing, lid and/or brow lacerations oc- 
curred in 36%, penetrating globe injuries in 22%, orbital 
fractures in 11%, retinal detachment in 9%, and retained 
foreign bodies in 4% (42). Culture-proven endophthalmi- 
tis was seen in 8.4% of 285 open-globe injuries from 
terrorist attacks and was associated with lens disrup- 
tion (44). 
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EPIDEMIOLOGY OF BOMBING 
INJURIES 


Terrorist blast injury data are limited by the chaotic nature 
of the unexpected mass-casualty situation confronting a 
civilian medical system. Critical analysis of the patterns of 
injury and mortality from this type of disaster helps with 
understanding of the natural history and pathophysiology 
of this form of terrorism (45). A collective profile of 
injury patterns among 4,350 terrorist bombing casualties 
is shown in Fig. 32-2. 

The mortality and morbidity of blast injuries largely 
depend on which organs have been affected (30). Trauma 
to the CNS is highly lethal. The incidence of head 
injuries from terrorist bombings ranges from 10.8% to 
63% (17,25,38-46,46-50). Approximately 1% to 5% of 
civilian bombing casualties will die at the scene due to 
head injuries. Most casualties treated in EDs will have 
noncritical injuries consisting of lacerations, abrasions, 
and contusions (5,51,52). Approximately 12% to 50% will 
require admission for observation, with a small number of 
them (1%-15%) having sustained significant thoracic or 
abdominal injuries. Higher hospitalization rates and more 
severe injuries are seen in confined space bombings when 
compared with open-air blasts (51,52). Truncal injuries 
are few (2.4% of admissions), but they are more likely to 
result in death among the hospitalized patients. Hospital 
mortality for bombing casualties with chest trauma is 
15%; with abdominal injuries it is 19% (30). 

Mortality rates for bombings can be deceptive. The 
casualties should be classified into immediate on-scene 
mortality, the number of critically injured survivors (injury 
severity score [ISS] >15), and the overall mortality 
in hospitalized survivors (45). Calculating the overall 
mortality rates on the basis of total casualties will cause 
an artificial dilution because many bombing incidents 
create numerous patients with minor injuries that require 
minimal treatment without hospitalization. The on-scene 
mortality of terrorist bombings ranged from less than 
2% in northern Ireland to almost 70% for the Beirut 
marine barracks attack in 1983. For a select group of 
isolated terrorist bombing incidents, Fig. 32-3 shows the 
number of immediate deaths, of immediate survivors 
treated as outpatients, of immediate survivors who were 
hospitalized, and of deaths among immediate survivors 
who were hospitalized. 

Higher fatality rates can be anticipated when one or 
more of the following occurs: the structural collapse 
of buildings, a large TNT-equivalent explosion, and 
explosions in confined spaces (e.g., vehicles or building 
interiors) (6,45,46). The 1980 bombing of the central 
railway station in Bologna, Italy (25% fatality rate); the 
1983 bombing of the US Marine compound in Beirut, 
Lebanon (69% fatality rate); and the 1995 bombing of 
the Murrah Federal building in Oklahoma City (22% 


fatality rate) produced high fatality rates from building 
collapse (45-47,49). In a review of 29 terrorist bombings 
producing 8,364 casualties with 903 immediate deaths, 
the pooled immediate mortality rates were 25% when 
structural collapse occurred, 8% when the blast occurred 
in a confined space without structural collapse, and 4% 
for open-air blasts (52). 

Frykberg and Tepas reviewed 200 bombing incidents 
worldwide involving 3,357 casualties and found that the 
immediate on-scene fatality rate was 13% (18). The mean 
number of casualties per bombing was 15. Of the 87% who 
were immediate survivors, 30% were hospitalized, and 
18.7% were critically injured. The mortality rate for the 
immediate survivors was 2.3%, occurring in those deemed 
critically injured; therefore, the critical mortality rate was 
12.4%. Head injury was the most common contributor 
to early and late deaths (71% and 52%, respectively). 
Surgical procedures performed on 812 survivors of 
terrorist bombings included 544 (67%) for soft tissue 
injuries, 142 (17.5%) for orthopaedic injuries, 45 (5.5%) 
for abdominal injuries, 17 (2%) for head injuries, and 65 
(8%) for miscellaneous injuries (e.g., chest, ear, vascular, 
neck, spinal cord, or peripheral nerve injuries) (18). 

Burn fatalities are not high among bombing casualties 
as the brief flash of explosions limits thermal injuries to 
superficial burns on exposed body areas (18). High explo- 
sive forces, explosions in confined spaces, or secondary 
fires from the blast may result in more severe burn in- 
juries and mortality (18,53,54). Smoke inhalation injuries 
from bombings are unusual, except in confined spaces. Af- 
ter the World Trade Center bombing in 1993 in New York 
City, 485 of 546 (88%) of casualties treated at surrounding 
hospitals over a 24-hour period were given a primary diag- 
nosis of smoke inhalation (55). The bomb knocked out the 
building’s power, disabling the smoke control systems and 
trapping people within the 198 elevators for long periods 
of time while smoke filled the lift shafts. 

PBI is quite common in terrorist bombings, but most 
of these casualties are on-scene fatalities due to the 
associated injuries (13). PBI to the lung has been noted in 
only 0.6% of 2,934 immediate survivors of bombings (18). 
Autopsies of 495 casualties who died in 5,600 separate 
explosions over a 12-year period showed that 66% had 
brain injuries, 51% had skull fractures, 47% had classic 
autopsy findings of blast lung, 45% suffered tympanic 
membrane rupture, and 34% had liver lacerations (13). 

Explosions in a confined space result in more severe 
PBI (52), and survivors have higher ISSs and increased 
mortality (12). Of 104 passengers on two civilian buses 
that were bombed in Israel, 7 were killed immediately, 
51 were admitted to the hospital, 16 had pulmonary blast 
injury, and 7 complained of significant abdominal pain, 
4 of whom had intestinal perforations (19,30). All of the 
severely injured also had perforated tympanic membranes. 
At least 42 of the 80 (53%) Americans injured in the 1986 
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FIGURE 32-3. Graphic depiction of numbers of immediate survivors treated as outpatients, 
immediate survivors hospitalized, immediate deaths, and deaths among immediate survivors 
hospitalized for a select group of isolated terrorist bombing incidents. Abbreviation: OKC, 
Oklahoma City. (Data compiled from Frykberg ER, Tepas JJ III. Terrorist bombings. Lessons 
learned from Belfast to Beirut. Ann Surg 1988;208:569-576; Mallonee S, Shariat S, Stennies 
G, et al. Physical injuries and fatalities resulting from the Oklahoma City bombing. JAMA 
1996;276:382-387; Hogan DE, Waeckerle JF, Dire DJ, et al. Emergency department impact of the 
Oklahoma City terrorist bombing. Ann Emerg Med 1999;34:160-167; Frykberg ER, Tepas JJ III, 
Alexander RH. The 1983 Beirut Airport terrorist bombing. Injury patterns and implications for 
disaster management. Am Surg 1989;55:134-141; Brismar B, Bergenwald L. The terrorist bomb 
explosion in Bologna, Italy, 1980: an analysis of the effects and injuries sustained. J Trauma 
1982;22:216-220; Frykberg ER, Hutton PMJ, Balzer R. Disaster in Beirut: an application of 
mass casualty principle. Mil Med 1987,152:563-566, Scott BA, Fletcher JR, Pulliam MW, et al. 
The Beirut terrorist bombing. Neurosurgery 1986;18:107-110; Carley SD, Mackway-Jones K. 
The casualty profile from the Manchester bombing 1996: a proposal for the construction and 
dissemination of casualty profiles from major incidents. J Accid Emerg Med 1997,14:76-80, 
Langworthy MJ, Sabra J, Gould M. Terrorism and blast phenomena: lessons learned from the 
attack on the USS Cole (DDG67). Clin Orthop 2004;(422):82-87; and Gutierrez de Ceballos JP, 
Turegano Fuentes F, Perez Diaz D, et al. Casualties treated at the closest hospital in the Madrid, 
March 11, terrorist bombings. Crit Care Med 2005;33:S107-112.) 


LaBelle Disco terrorist bombing in Berlin experienced 
ruptured tympanic membranes (56). 

Selected terrorist bombings are briefly described in the 
following text to illustrate the mortality and patterns of 
injury, which provide the opportunity to plan and prepare 
for future terrorist attacks. 


Bologna, Italy (1980) 


On August 2, 1980, a suitcase bomb exploded in the 
waiting room of the central railway station in Bologna, 


Italy (47). Seventy-three fatalities occurred at the scene, 
most of which were due to crush injury when the building 
collapsed. Of the 218 wounded who initially survived, 
181 (83%) were admitted to hospitals, while 17 (8%) had 
severe or critical injuries. Of the immediate survivors, 43 
were diagnosed with head injuries, including 10 with skull 
fractures, 6 with concussions and 27 with contusions; 
the remainder of the injuries included 15 ear injuries, 
7 eye injuries, 4 pneumothorax injuries, 4 pulmonary 
contusions, 7 abdominal injuries, 55 fractures, 28 burns, 
and 72 other soft tissue wounds. 
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Forty-one (23%) of the hospitalized patients required 
surgery for soft tissue injuries, 22 (12%) for fractures, 
6 (3%) for abdominal injuries, 6 (3%) for neurosurgical 
injuries, and 1 (0.6%) for a thoracotomy. Forty-five (21%) 
of these patients required the use of a general anesthetic. 
More than 100 units of blood were used for these bombing 
casualties in the first 24 hours (47). 


Beirut, Lebanon (1983) 


On October 23, 1983, a yellow Mercedes truck loaded with 
an estimated 6 to 12 tons of TNT was driven into the 
ground floor lobby of the US Marines Battalion Landing 
Team Headquarters building in Beirut, Lebanon, and was 
detonated (45,49,53). This four-story building that served 
as billet for the troops and was occupied by more than 350 
men, collapsed “like a house of cards” (53). Two hundred 
and thirty-four men (68%) were immediately killed. Three 
field triage stations were established at the scene (45, 
49). Eight casualties were evacuated to local Lebanese 
hospitals, and 72 were evacuated by helicopter to the USS 
Iwo Jima, which had a mobile surgical team aboard; of 
these, 61 were evacuated within 2 hours of the bombing. 
Six hours after the bombing, another 24 casualties were 
evacuated by the British Royal Air Force and US Navy and 
Air Force air ambulances to Germany and subsequently 
to the United States. Fifteen survivors with minor injuries 
were treated; these did not require evacuation. 

Among the immediate survivors, 37 suffered head 
injuries, including 28 with concussions and 13 with 
skull fractures.(49). Postconcussion syndrome developed 
in seven (25%) of those who suffered concussions (35). 
Head injury was the most common (71%) specific cause 
of death among the immediate fatalities in Beirut. Despite 
intensive medical care, seven deaths (7.3%) took place 
among the survivors who had been evacuated (three from 
head injuries, one from chest injury, one with head and 
chest injuries, and two with major burns) (53). Two of 
these deaths occurred within 9 hours of the bombing, one 
of whom had suffered primary pulmonary blast injury and 
another with crush injuries to the head and chest (45). 
Among the delayed fatalities, six of seven (86%) had 
been extricated between 5 and 9 hours after the blast. 
Burn casualties had the highest specific hospital mortality 
rate (two of five, 40%). Most of the evacuated survivors 
suffered multiple injuries. Soft tissue and orthopaedic 
procedures were the most common surgeries performed, 
and six patients had craniotomies. 


Oklahoma City, Oklahoma (1995) 


On April 19, 1995, a truck bomb consisting of more than 
4,000 lb of ammonium nitrate was detonated outside the 
Alfred P. Murrah federal building (5). Immediate deaths 
numbered 163, and 3 were pronounced dead on arrival 


at local hospitals. EDs treated 388 casualties the day of 
the bombing (5). Eighty-three (21%) immediate survivors 
were hospitalized, and subsequently 2 (2.4%) of them 
died (46). One of them died on the second day at the 
hospital of a head injury. The other died 3 weeks later of 
multiple organ failure and sepsis, which is the usual cause 
of late bombing casualty deaths (days to weeks after the 
blast). The medical examiner did not clearly distinguish 
deaths caused by PBI from those that were caused by 
building collapse in those casualties who were on-scene 
fatalities; the most common cause of death reported was 
simply “multiple injuries” (46). 

Most survivors sustained minor injuries caused by 
flying or falling glass and debris. The most frequent 
type of injury requiring ED treatment was soft tissue 
trauma in 71%, followed by fractures in 12% (5). Blast 
injury to the eye was documented in 8% of the casualties, 
and it was much more common among individuals who 
were in the building versus those who were in other 
locations (42). Abdominal trauma was not common in 
the Oklahoma City bombing; only one splenic injury 
and two renal contusions were reported (5). The most 
frequent medications administered in the EDs were 
tetanus immunizations, analgesics, and antibiotics. 

The truck bomb that detonated in front of the Murrah 
building resulted in several secondary fires. Ten casualties 
suffered thermal burns; one fatality occurred in the 
parking lot, and seven were hospitalized with up to 70% 
burns (1,46). Among the nine burned survivors, the most 
common area burned was the face and neck (67%); no 
casualty had full-thickness burns covering more than 10% 
body surface area. 


Manchester, England (1996) 


On June 15, 1996, the largest bomb ever detonated by 
the Irish Republic Army in Great Britain exploded in 
the center of Manchester, England (57). No fatalities 
resulted, but 208 casualties were treated in the nearest 
five hospital EDs; most (62%) of them for injuries caused 
by flying glass. This placed a large burden on the hospitals’ 
radiology departments as 50% of the casualties required 
radiological studies. Forty-one patients (20%) suffered 
blunt trauma. Admission was required for 18 (9%), and 8 
underwent surgery. An unusually high number of patients 
(36 [17%]) presented for medical problems (e.g., angina, 
asthma attack, syncope) or emotional distress related to 
the bombing. 


USS Cole (DDG67), Yemen (2000) 


On October 12, the USS Cole was moored for refueling in 
Aden Harbor, Yemen, when a small craft approached amid 
ships and exploded (36). A 40 ft x 40 ft gash was blown into 
the ship’s port side. There were 16 immediate deaths most 
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of whom died of blast effect; 3 of these sailors drowned. 
One crew member died at a Yemen hospital despite 
aggressive resuscitation. Postmortem analysis of 14 of 
the fatalities showed 92% had long bone fractures, 50% 
had pelvic ring fractures, 71% had spine injuries, 86% had 
skull fractures, and 100% had rib fractures. There were 
39 injured survivors of whom 25 (64%) had orthopaedic 
injuries. The survivors had primary and tertiary, but no 
secondary blast injuries. 


Madrid, Spain (2004) 


On March 11, 2004, ten terrorist bombs hidden in back- 
packs exploded in four commuter trains during the morn- 
ing rush (10). Of 2,062 documented casualties, immediate 
deaths numbered 177. There were 82 casualties consid- 
ered to be in critical condition of which 14 subsequently 
died in the hospital, resulting in a 17% critical mortality 
rate. Fifteen public hospitals treated 966 casualties. Of 
these, 312 patients were treated at the closest hospital 
near the railway station, 89 of whom were admitted for 
more than 24 hours; 32.5% were deemed in critical condi- 
tion. Only one fatality who had survived beyond 24 hours 
died subsequently of multiple organ failure 1 week later. 
Sixty-seven percent of the critical patients had tympanic 
perforations, 26% had blast lung injury, 55% had frac- 
tures, 59% had burns, 52% had head trauma, and 29% 
had ear amputations. These were not unexpected because 
the blasts occurred in confined spaces. 

The impact of a terrorist bombing is not limited to the 
dead and injured (58). The psychological impact on the 
surrounding community may result in behavioral conse- 
quences, such as changes in smoking and drinking habits, 
post-traumatic stress disorder, and intrusive thoughts. 


MANAGEMENT OF CONVENTIONAL 
BOMBING CASUALTIES 


Prehospital Considerations 


Extrication and life support are the first priorities (8). 
Bombing casualties should be evaluated according to nor- 
mal trauma triage standards (16,21). After terrorist bomb- 
ings, rapid identification of life-threatening injuries and 
the evacuation of severely injured casualties to the appro- 
priate medical facilities are paramount. Severely injured 
bombing casualties will have higher survival and lower 
morbidity if they are transported to a trauma center, not 
simply to the closest hospital (49). Patients with asphyxia, 
suspected simple or tension pneumothorax, cyanosis or 
extreme dyspnea, upper-airway compromise, or hypoten- 
sion should be triaged as immediate. Only a minority 
of survivors of bombings have severe life-threatening 
injuries (5,38,45,47,48,50,59,60). Common prehospital 


interventions that are required include spinal immobi- 
lization, wound dressings, and intravenous fluids (5). 

Rescue and recovery of injured casualties after a 
bombing may be hampered by further terrorist activity. 
After the 1983 Beirut Marine Headquarters bombing, 
rescue efforts at the scene were disrupted by sniper fire 
throughout the day (53). Moreover, a second bomb that 
has been specifically designed to maim or kill personnel 
rushing to help those wounded in a first explosion is a well- 
recognized terrorist tactic (8,61). Additionally, rescuers 
must be trained and prepared for terrorist bombings that 
use nuclear, biological, or chemical agents as secondary 
weapons of mass destruction (21). 

The presence of collapsed buildings with trapped 
casualties prolongs the recovery phase and creates more 
severely injured patients (5,62). Early IV hydration of 
trapped casualties may reduce the incidence of acute renal 
failure (27). During extrication, 1.5 L 0.9% normal saline 
per hour is the accepted “crush injury cocktail.” 

PBI is likely to be only part of the presentation of a 
multiple injured bombing casualty (17). The prehospital 
care of bombing victims usually centers on secondary 
blast injuries, such as fractures, amputations, penetrat- 
ing wounds, and burns. However, prehospital providers 
should be particularly alert for subtle signs of PBI, 
especially for pulmonary injuries such as tension pneu- 
mothorax. Hypovolemic shock may occur as a result of 
hemorrhage from wounds or because of blood loss from 
gastrointestinal injuries. 

All patients with blast injuries other than isolated minor 
soft tissue injuries should receive supplemental oxygen 
and should be monitored with pulse-oximetry. Patients 
with extreme respiratory distress or massive hemopty- 
sis should undergo endotracheal intubation to provide 
ventilatory support. With mechanical ventilation comes 
the increased risk of iatrogenic tension pneumothorax 
in blast casualties. Patients may need prophylactic tube 
thoracotomies with Heimlich valves before aeromedical 
evacuation. 

Casualties of explosions should minimize postblast 
physical activities and remain sedentary to avoid exac- 
erbation of the severity of PBI (16). Those experiencing 
any respiratory distress should be carried from the inci- 
dent scene on a litter. Manifestations of PBI involving the 
gastrointestinal, respiratory, and circulatory systems are 
more dangerous if the casualty is transported by air; there- 
fore, even short helicopter flights should be avoided (21). 

Patients with injured lungs are at risk for air embolism, 
which is the single most important cause of death from 
PBI (13). If one lung is more severely affected than the 
other, the damaged lung should be in the dependent 
position during transportation (2). The alveolar pressures 
throughout the dependent lung will be lower than vascular 
pressures, thereby decreasing the risk of air embolism; 
however, this does increase the risk of worse gas exchange. 
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The position of the patient’s body may affect the site 
of embolism travel. Therefore, if the lungs are equally 
affected or the left lung is more severely injured, the 
patient should be placed in the left-lateral decubitus 
and Trendelenburg positions. High-flow oxygen should 
be administered to support gas exchange in the lungs and 
to help the tissue absorption of the emboli by decreasing 
the predominance of nitrogen gas. 


Emergency Department 


Blast casualties should be triaged upon arrival at the ED 
by an experienced trauma surgeon or emergency physi- 
cian. Unfortunately, the extent of blast injury cannot 
be reliably assessed by the typical rapid triage exami- 
nation (63). Therefore, an atypically high overtriage rate 
is mandated (18,45), which may affect patient flow and the 
use of hospital resources (63). As many as 85% of survivors 
may be triaged and treated on an outpatient basis (36). 

The ED care should be centered on stabilization 
measures in accordance with trauma life-support prin- 
ciples (64). A thorough evaluation for signs of PBIs should 
also be conducted, especially when a history of a powerful 
explosion is known. Equipment for intubation and tube 
thoracotomy for a large number of casualties should be 
readily available. The presence of skull fractures, burns, 
and penetrating wounds to the head or torso are markers 
of proximity to the center of the blast and are associated 
with blast lung injury (37). 

Physical examination findings such as ruptured tym- 
panic membranes, hypopharyngeal contusions, hemopt- 
ysis in the absence of signs of external chest trauma, or 
subcutaneous emphysema increase the probability of PBI. 
In fact, a ruptured eardrum is almost always present when 
the blast pressure is high enough to cause serious injury to 
the lung or gut (16); therefore, PBI to the lung or gut is un- 
likely in the absence of tympanic rupture (29). Petechiae 
or ecchymoses in the hypopharynx or larynx may be as- 
sociated with significant pulmonary injury; their absence 
speaks against an exposure to high blast pressure (16). 
Additional signs of PBI to the lung can include dyspnea, 
cough, restlessness, tachypnea, tachycardia, cyanosis, or 
an inability to carry on a conversation (21,25). Immediate 
tube thoracotomy is indicated for pneumothorax, tension 
pneumothorax, or hemothorax. 

A chest radiograph should be routine in all blast casu- 
alties, except for those with isolated minor soft tissue 
injuries of the extremities from air blasts, because it 
may reveal pulmonary lesions that are not evident clin- 
ically (19,47). Radiograph findings in blast injury to the 
chest are nonspecific, but they can include pneumothorax, 
hemothorax, pneumomediastinum, atelectasis, alveolar 
infiltrates, and interstitial edema (22). Computed tomog- 
raphy (CT) of the chest is the most accurate technique 
for evaluating the lung parenchyma and pleural space, 


and it is used to quantitate the extent of the injury based 
on the amount of parenchyma involved (21). Chest CT 
scans may also reveal underlying parenchymal injury or 
pneumothorax when extensive subcutaneous emphysema, 
parenchymal hemorrhage, or interstitial emphysema is 
present on plain radiographs. 

The main objective of treatment of blast lung is to re- 
store and maintain arterial blood gases near normal until 
the lungs have recovered (34). Patients with more than 
28% of their lungs involved usually require mechanical 
ventilation; however, this increases the incidence of both 
air emboli and thoracic barotrauma. Continuous positive 
pressure ventilation should not be withheld if the clinical 
situation deteriorates, but patients should be continuously 
reevaluated for the development of a tension pneumoth- 
orax (21,32). Airway pressures should be kept as low 
as possible. To promote good bronchial hygiene, carry 
out suction and change body position frequently (21,34). 
Fig. 32-4 depicts an algorithm for the initial trauma re- 
suscitation and the evaluation and treatment of a blast 
casualty with respiratory distress (21). 

Arterial blood gases should be obtained for seriously 
injured patients and for those with respiratory distress. 
Generally, casualties with uncomplicated PBI have a 
normal or low Pco (<40 mm Hg). The presence 
of hypercarbia (PCO; >40 mm Hg) suggests a cause 
other than PBI, such as flail chest, muscle weakness 
from chemical agent exposure, metabolic derangements, 
airway compromise, impairment of the central ventilatory 
drive, air embolism, excessive narcotic administration, or 
diaphragm rupture, may be limiting ventilation. 

An electrocardiogram should be obtained for seriously 
injured patients, including those with hypotension or 
respiratory or CNS symptoms. Ischemic changes may be 
due to air emboli proximal to the coronary arteries or 
because of hypoxia secondary to respiratory failure (25). 

Hypotension is a frequent finding in severe blast in- 
jury, and it may be the result of severe acute blood loss, 
myocardial injury, vasovagal reflexes, or a combination of 
these (24,25). Central venous monitoring may help guide 
fluid replacement therapy. Hypotensive patients should 
receive sufficient fluid resuscitation to bring their blood 
pressure to normal, but those with pulmonary injuries will 
have an increased risk of pulmonary edema when they 
receive excessive volume replacement (21). Blood or a col- 
loid solution is preferred over crystalloid in these patients. 

Patients even without a history of entrapment in a 
collapsed building should be evaluated for the presence 
of skin trauma or local signs of compression (erythema, 
ecchymosis, bullae, abrasion, etc.) (27). When a crush 
injury is suspected, a urinalysis should be obtained to 
look for signs of myoglobin, and if present, measurements 
of serum creatinine phosphokinase, both very sensitive 
indicators. Treatment of crush syndrome is directed 
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FIGURE 32-4. Algorithm for the evaluation of respiratory distress in a blast casualty. 
Abbreviation: CPAP, continuous positive airway pressure. (Modified from Phillips YY, Zajtchuk 
JT. The management of primary blast injury. In: Bellamy RF, Zajtcjuk JT, eds. Conventional 
warfare: ballistic, blast, and burn injuries. Washington, DC: Office of the Surgeon General at TMM 
Publications, 1991:295-336. Textbook of Military Medicine series, with permission.) 
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tovvard early aggressive hydration, forced diuresis, and 
alkalinization to maintain a urine pH >6.5. 

Blast casualties with ruptured tympanic membranes 
or any signs of PBI, abdominal pain, altered sensorium, 
or injuries other than minor soft tissue trauma should 
have a chest radiograph regardless of whether they 
have any pulmonary symptoms. In one study of 137 
patients with isolated eardrum rupture, Leibovici et al. 
predicted that up to 3% might demonstrate delayed 
pulmonary barotrauma (65). In a report of 27 survivors 
of an underwater detonation, 19 were subsequently 
found to have significant pulmonary compromise without 
initially presenting with overt respiratory distress (21). 
Patients with ruptured tympanic membranes without 
other obvious injuries should be observed for 6 to 8 hours 
for oxygen desaturation before discharge (29). 

Air embolism from patients with injured lungs may 
cause occlusions in any organ and may pose the most 
immediate threat to life. The risk of an air embolus is 
increased with the use of mechanical ventilation; it usually 
occurs within 2 hours of the blast, but it has been reported 
60 hours after injury (21). Emboli involving the cerebral 
or coronary circulation are the most serious, and they may 
lead to strokes or myocardial infarctions. Blast casualties 
should be evaluated for headaches, seizures, mental 
status changes, transient blindness, tongue blanching, 
vestibular disturbances, and focal neurological deficits 
and for indicators of cardiac distress, such as chest pain, 
hypotension, dysrhythmias, and ischemic changes on 
electrocardiograms (Fig. 32-5). Retinal artery air emboli 
may be seen directly on ophthalmoscopic examination as 
streaming bubbles or pale silvery sections of the vessels, 
or they may be indirectly indicated by retinal pallor. 

Direct head trauma from secondary or tertiary blast 
injury is more likely to be the cause of neurological 
signs and symptoms (16). Early head CT scans and 
neurosurgical consultations are mandatory for patients 
with penetrating cranial injuries, altered sensorium, or 
other neurological findings. 

The treatment of choice for life-threatening air emboli 
is hyperoxygenation in a hyperbaric chamber. Treatment 
should be started as soon as possible after the blast 
exposure (8,16,21). Hyperbaric treatment has been shown 
to reduce mortality in animal experiments, but studies are 
lacking in human survivors of blasts. 

Blast casualties with abdominal injuries who survive 
the first few hours or days may succumb to compli- 
cations, especially from delayed perforation. Although 
gastrointestinal injuries may be initially overshadowed by 
more immediately life-threatening pulmonary or soft tis- 
sue injuries, many will require a laparotomy for definitive 
treatment. Symptoms of abdominal injury include abdom- 
inal pain, nausea, vomiting, hematemesis, rectal bleeding, 
orthostasis or syncope, testicular pain, and tenesmus. 
Findings on physical examination include decreased or 


absent bowel sounds, gross blood on rectal examina- 
tion, hypotension, involuntary guarding, and peritoneal 
signs, such as rebound tenderness. Unequivocal signs 
of peritoneal irritation require prompt surgical treat- 
ment (21). Abdominal radiographs are indicated in all 
but the most mildly injured patients and may show free 
intraperitoneal air (16). An algorithm for evaluating bomb- 
ing casualties for abdominal injury is shown in Fig. 32-6. 
Patients with penetrating abdominal injuries or those with 
suspected bowel rupture should be given antibiotics as 
soon as possible to treat for anaerobes, gram-negative 
aerobes, and enterococci. 

Patients with multisystem injuries, unconscious pa- 
tients, and those with any signs of blunt abdominal injury 
can undergo a rapid focused abdominal sonography for 
trauma (FAST) examination in the ED to look for free 
peritoneal fluid (66). Hemodynamically unstable patients 
should have a prompt diagnostic peritoneal lavage, if bed- 
side ultrasound is not available or is equivocal. Plain 
abdominal radiographs may not reveal extraluminal air 
from bowel perforations; therefore, hemodynamically sta- 
ble patients with signs or symptoms of abdominal trauma 
should undergo abdominal CT scanning with oral and 
intravenous contrast. The abdominal CT study should be 
extended to include the lower chest to evaluate for lung 
injuries that may not be apparent on chest radiographs. 

Symptoms of auditory injury include hearing loss, 
otalgia, tinnitus, loudness sensitivity, and vertigo. Hearing 
in both ears should be grossly tested at the bedside. 
Patients with vertigo should have a complete neurological 
examination for signs of closed head injury. All bombing 
casualties, including those who are unconscious, should 
have a thorough otoscopic examination. The location and 
size of perforations should be noted. The external auditory 
canal and the middle ear space should be examined for 
the presence of foreign material. The presence of clear 
otorrhea may suggest injuries to the inner ear, such 
as perilymphatic fistulae in the oval window, dislocated 
stapes, and ruptures of the saccule, utricle, and basilar 
membrane (21); or it may be cerebrospinal fluid from a 
middle fossa basilar skull fracture. All patients with signs 
or symptoms of auditory injury should have complete 
audiological and otolaryngological evaluations as soon as 
their clinical conditions permit. Patients with auditory 
injuries should be observed for 1 year to document 
changes and to provide supportive rehabilitation (8). 

Topical antibiotic drops are not routinely given to blast 
injury patients with ruptured tympanic membranes un- 
less infection is present. As a rule of thumb, 1 month is 
required to heal each 10% of the tympanic membrane rup- 
ture. Follow-up examinations of the tympanic membrane 
should occur within 2 weeks and then monthly thereafter. 
Perforations involving less than one-third of the tympanic 
membrane usually close spontaneously. Ruptures that do 
not heal spontaneously are treated with paper or Gelfilm 
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patching or by tympanoplasty (21). Surgical intervention 
will ultimately be required for 25% of the ruptures (16) 
and should be performed 10 to 12 months postinjury to 
obtain maximal success in closure and to reduce the risk of 
chronic infections and inner ear damage (31). A recent re- 
port suggests that earlier intervention with paper patching 
may decrease the need for delayed procedures (67). 

Patients injured in terrorist bombings have frequently 
suffered soft tissue wounds from high-velocity penetrat- 
ing fragments (13). All penetrating wounds, no matter 
how trivial, should undergo local exploration. Wounds 
should be thoroughly cleansed and irrigated, which should 
be followed by appropriate debridement (68). The judi- 
cious use of radiographs to look for foreign bodies is also 
recommended. Penetrating bone fragments from suicide 
bombers have been found to be HBsAg positive (69). 
Therefore, if foreign bone fragments are found, they 
should be tested for hepatitis and human immunodefi- 
ciency virus (HIV) and the patients offered appropriate 
immunoprophylaxis. 

Delayed primary closure should be standard (2,5,8,13, 
36,41,48,50). Emphasizing this to physicians who do not 
deal with wounds regularly is important because if a large 
number of bombing casualties result from a given event, 
minor wounds will be treated in many settings other than 
the ED. 

An initial dose of antibiotics should be administered 
parenterally in the ED for all but the most trivial bombing- 
related wounds, followed by a 3- to 5-day course of oral 
antibiotics. Tetanus immunization is the most frequent 
medication required in bombing victims (5,25), and it 
should be administered as indicated. Bombing-related 
wounds should be considered tetanus-prone wounds. 

Open fractures that occur as a result of explosions 
frequently contain debris and fragments. These should 
be irrigated copiously in the ED and again in the 
operating room before and after debridement; this is 
followed by external fixation (2,70). Patients should receive 
parenteral antibiotics at the earliest opportunity. Patients 
with extensive crush injury or fractures of long bones 
should be monitored for the development of compartment 
syndrome. Fasciotomy should be performed rapidly, if 
confirmed by compartment pressure monitoring or in 
the setting of strong clinical suspicion in the absence of 
monitoring equipment, to preserve a limb. 

Most bombing casualties will not have life-threatening 
injuries and thereby will require local wound care. 
Hospital disaster planners should be prepared to use areas 
other than the ED for this care to keep the ED resuscitation 
areas available for the more seriously injured patients. 


Hospital 


The extent of injury in bombing casualties may not be 
entirely apparent during the ED evaluation. Therefore, 


examination and reexamination must be done upon ad- 
mission to the hospital or operating room. 

Positive pressure ventilation or the use of a general 
anesthetic puts casualties with pulmonary PBI at a higher 
risk of death. Owing to the high morbidity rate when blast 
casualties receive general anesthetic, the recommendation 
is that local, regional, or spinal anesthetic be used 
whenever possible and that the duration of surgery be 
kept short (16,21). Whenever possible, surgery requiring 
a general anesthetic should be postponed for 24 to 
48 hours (24). All blast casualties undergoing a procedure 
requiring a general anesthetic should be monitored 
for oxygen saturation, end-tidal carbon dioxide, cardiac 
rhythm, blood pressure, and airway pressure. Patients 
with suspected pulmonary barotrauma should have chest 
tubes placed before surgery or should undergo periodic 
intraoperative chest radiographs during extended surgical 
procedures. Equipment for pleural space decompression 
and tube thoracotomy should be readily available at all 
times. 

Hyperbaric oxygen has been recommended in the treat- 
ment of pulmonary blast injury for improved oxygenation 
and in the treatment of air emboli (24,71). 

The radiographic course of blast lung is consistent 
except for instances in which pneumothorax, atelectasis, 
or infection occurs (34). Worsening in the radiographic 
findings of pulmonary contusion is unusual more than 
6 hours after the blast. Routine prophylactic antibiotics 
should not be given (8). Most pulmonary hemorrhages 
and contusions will begin to resolve within 1 to 2 days, 
although mechanical ventilation may be required for 
several days. One should suspect a superimposed disease 
process if the radiographic appearance is more extensive 
after 48 hours. Antibiotic therapy should be guided by 
Gram’s stain and serial sputum cultures. Fiber-optic 
bronchoscopy is indicated for persistent brisk hemoptysis 
or refractory lobar atelectasis. This may reveal bronchial 
fractures and lacerations. 

Patients with tenesmus or rectal bleeding should un- 
dergo flexible sigmoidoscopy (21). The surgical treatment 
of abdominal blast injuries follows that for other blunt 
abdominal trauma. Gastric decompression with a naso- 
gastric tube is an important adjunct to the surgical care 
of abdominal injuries and in patients who are receiving 
mechanical ventilation. The development of unexplained 
sepsis should prompt reassessment of the abdomen to 
look for delayed bowel perforation as the source (12). 

Hospital resource utilization, including manpower 
needs and patient flow, has been analyzed based on data 
from 12 urban terrorist bombing incidents in Israel (63). 
The major bottleneck in the flow of critically injured 
patients in this study was the availability of shock rooms 
and CT scanners, not operating rooms. Imaging studies 
required for the critically injured stable patients typically 
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included head, chest, or abdominal CT scans, followed by 
plain radiographs to locate shrapnel and fractures. 

Hospital disaster plans should include protocols to 
postpone radiographic studies for noncritical casualties 
with suspected closed fractures without vascular compro- 
mise until injured patients are no longer arriving. Those 
patients waiting for delayed radiographs can be treated 
with temporary splints and analgesics (63). 

Psychological disturbances may affect up to 50% 
of bombing survivors and can include hysteria, guilt, 
post-traumatic stress disorder, panic disorder, major de- 
pression, and behavioral alterations (8,38,72). Providing 
psychological follow-up opportunities for all patients dis- 
charged from the hospital is important. Most symptoms 
will improve with time (73). Stress reactions among med- 
ical personnel should be minimized by holding debriefing 
sessions immediately after the acute event ends (3). 


SUMMARY 


Previous conventional terrorist bombings show a con- 
sistent pattern of injury and death. Most injuries are 
non-life-threatening minor wounds that can be treated 
in outpatient settings. PBI other than tympanic mem- 
brane penetrations are uncommon in survivors because 
they usually result in immediate death. The critical mor- 
tality rate is the most accurate indicator of the efficacy of 
the medical care provided to the immediate survivors (18). 
Unique aspects are found in dealing with casualties of 
conventional terrorist bombs. Disaster plans should in- 
clude the possibility of conventional terrorist bombings 
and should outline a response plan for the evacuation 
and treatment of the immediate survivors. Urban hos- 
pitals should stockpile sufficient quantities of antibiotics, 
tetanus immunizations, wound care supplies, and external 
fixators in preparation for terrorist bombing incidents. 
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Nuclear Detonations: Evaluation 


and Response 


Fun H. Fong, Jr. 


Coming generations will learn equality from poverty, and 
love from woes. 
Kahlil Gibran, A Handful of Sand on the Shore 


The terrorist attacks suffered by the United States, 
Great Britain, Spain, and other nations have added 
further unfortunate chapters to the history of terrorism 
and changed forever the mindset of the antiterrorism 
response. Events worldwide continue to reinforce the fact 
that we must be prepared to deal with terrorism in all 
its various forms. Terrorists are continually innovative in 
planning new operations. Additionally, the weaknesses in 
national security systems are continually being probed 
and exploited by these radical factions seeking to force 
their will on free societies. 

In the Cold War era, conventional thought was that 
nuclear attack scenarios would be accompanied by so 
much devastation that mounting any reasonable response 
would be useless. With the end of the Cold War such 
doomsday scenarios have become much less likely, 
portending the probability of a more limited nuclear 
event. Current analysis rates nuclear threats as primarily 
from (a) the increased sophistication of terrorism, (b) the 
potential for nuclear weapons diversion (theft), (c) rogue 
nations, and (d) accidental strategical nuclear firings as 
higher now than ever before. One estimate indicates 
that for large-scale terrorist operations against civilian 
populations, casualties might cost $2,000 per km? using 
conventional weapons, $800 per km? using nuclear 
weapons, $600 per km? using nerve gas, and $1 per km” 
with biological weapons (1). Although radiological options 
are not the most cost-effective selection for the terrorist, 
this has not deterred terrorist organizations from seriously 
considering nuclear capability. 

A small, tactical 1-kT nuclear device detonated at 
ground level is capable of creating a crater 30 ft deep and 
approximately 190 ft in diameter (2). The Armed Forces 
frequently use a scenario of a 1-kT device detonated from 
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the Washington Monument as a model for effects and re- 
sponse. Figs. 33-1 and 33-2 demonstrate the same scenario 
to estimate the radii for a variety of injuries. Although 
the detonation would cause great local devastation, a 
large portion of the metropolitan area would continue 
to have significant resources to respond. Even a large 
yield, MT detonation within a large metropolitan area 
would generate response from neighboring metropolitan 
areas. Therefore, all foreseeable scenarios will result in 
a response from surviving infrastructure. Response to a 
nuclear event will need to encompass the wide span of 
potential casualties incurred, ranging from that of a “dirty 
bomb” (no nuclear yield) to a thermonuclear detonation 
(large nuclear yield). Ongoing comprehensive response 
plans must be developed not just at the national level but at 
regional levels as well. These plans must be accompanied 
by the attendant exercises and supported by adequate 
funding. 
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FIGURE 33-1. Effective range for blast energy with a 1-kT 
weapon. (From Armed Forces Radiobiology Research Institute. 
Medical effects of ionizing radiation course. Bethesda, MD: Armed 
Forces Radiobiology Research Institute, 2002, with permission.) 
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FIGURE 33-2. Effective range for infrared thermal energy for 
a 1-kT weapon. (From Armed Forces Radiobiology Research 
Institute. Medical effects of ionizing radiation. Course. Bethesda, 
MD: Armed Forces Radiobiology Research Institute, 2002, with 
permission.) 


A Nuclear, Biological, or Chemical (NBC) task force 
consisting of an American College of Emergency Physi- 
cians (ACEP)-led consortium of health care provider 
professional organizations has recently evaluated the issue 
of how best to train health care professionals in response 
to weapons of mass destruction (3). 

Technically speaking, a nuclear detonation is a fission 
and/or fusion chain-reaction, where each successive reac- 
tion generates more reactions and more neutrons until the 
bulk of the nuclear fuel is consumed. Fusion reactions are 
also known as thermonuclear reactions because thermal 
energy neutrons are important in the fusion process. 


TERRORIST SCENARIOS 


A wide spectrum of potential application of radiation 
for terrorism purposes exists, from perverting a radiation 
device to expose others to use a bomb that would spread 
radiation to a strategical thermonuclear detonation by a 
rogue state. These different scenarios, with their particular 
considerations, will be covered. 


Radiation Device 


Radionuclides (such as brachytherapy sources) or radi- 
ation devices (such as an industrial radiography source, 
radiation oncology teletherapy device, or an x-ray ma- 
chine) could be misused for terrorist purposes to cause 
exposures in unsuspecting individuals. These exposures 
may or may not have health consequences, depending on 
the dose. To the terrorist, the threat of radiation exposure 
is what accomplishes the objective of generating fear. 


Radionuclide Dispersal Device 


A radionuclide dispersal device (RDD) is also known as a 
“dirty bomb,” a bomb that does not have nuclear yield but 


is capable of contaminating significant amounts of land. 
These devices may or may not be intended for use as an 
actual nuclear device. A nuclear device detonation that 
does not result in a nuclear yield (i.e., the conventional 
explosion intended to compress the nuclear materials to 
critical mass and initiate a fusion reaction fails to do so) 
becomes an RDD. Any type of radioactive source of high 
or low activity or of any amount can be used in an RDD. 


Improvised Nuclear Device 


The improvised nuclear device (IND) is composed of 
either enriched uranium or plutonium-239 (73?Pu) and is 
constructed by a nongovernmental organization, usually a 
terrorist group. Having been created by organizations with 
limited expertise, these devices generally have less than 
optimal nuclear yields. However, they have substantially 
more ability to contaminate than similarly sized nuclear 
weapons. The smaller size of an IND is limited by 
the minimum critical mass of uranium and plutonium. 
The minimum moderated critical mass for 93%-enriched 
uranium-235 (755U) is 820 g, whereas the minimum 
moderated critical mass for “5”Pu is only 510 g (4). 
National security strategies are directed tovvard preventing 
terrorist organizations from obtaining critical quantities 
of these materials. 


Tactical Nuclear VVeapon 


This nuclear device has been constructed by a govern- 
mental agency and has yields ranging from 0.5 to 50 kTs. 
The weapon is well designed, and is generally capable of 
more efficient yields per amount of fissile material. Tacti- 
cal nuclear weapons may be as small as a backpack or a 
suitcase. John Deutch, the former director of the United 
States Central Intelligence Agency (CIA), testified in 1996 
that more than 100 reports have been made alleging the 
diversion of nuclear warheads or components worldwide. 
He also stated that much of the reporting is “sporadic, 
unsubstantiated, and unreliable” (5). 


Strategical Nuclear Weapon 


This device is fabricated by a governmental agency, and 
its yield exceeds 1 MT or greater. The former Soviet 
Union once had strategical nuclear weapons of 100 MTs. 
These weapons are fusion or thermonuclear weapons, 
which generate less fallout than comparably sized fission 
weapons due to their efficiency and the nature of the 
fusible materials. 


TERRORIST EVENTS INVOLVING 
RADIATION 


Terrorist events involving radiation have already occurred. 
On November 12, 1995, Chechen rebels placed Cesium 
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137 in a protective container emitting 2 rad per hour at 
surface contact inside Ismailovo Park in Moscow. Rebel 
commander Shamir Basayev took responsibility for the 
incident. Dzhokhar Dudayev, the Chechen rebel leader, 
had repeatedly threatened to launch a nuclear attack on 
Moscow (6). Basayev indicated that his group was in 
possession of seven similar containers. As of 2005, no 
additional containers have been recovered (7). 

The Japanese cult organization Aum Shinri Kyo 
(Supreme Truth) purchased a 500,000-acre sheep farm 
with a known uranium deposit on the premises. Two years 
later, investigators found mining, laboratory equipment, 
and a rock-crushing machine at the farm, indicating that 
the cult had been attempting to extract uranium (8). On 
April 2, 1995, Japanese police found other evidence of an 
Aum interest in the technology of nuclear weapons. Police 
found a classified document on uranium enrichment tech- 
nology in the possession of Aum. The document described 
a technique for enriching uranium using lasers (9). Aum 
was later reported to have actually experimented with a 
laser beam that could be used to enrich uranium (10). 
Police also found an Aum notebook that contained “what 
looked like plans by the Aum to import Russian tanks 
and nuclear warheads” (11). Aum’s construction minister, 
Kiyohide Hayakawa, was documented to have traveled 
to Russia at least 21 times between 1992 and 1995; his 
notebooks included prices for nuclear warheads (12). 

In Auckland, New Zealand, three residents having ties 
with Afghanistan were arrested on suspicion of people- 
smuggling and passport fraud. Papers were found before 
the 2000 Sydney Olympics, which considered a small 
nuclear research reactor in Sydney, Australia, to be a 
target, with plans detailing entry and exit routes to the 
Sydney nuclear reactor and notes on police security 
tactics. The group was reportedly linked with Afghanistan- 
based terrorist Osama bin Laden (9). 

Traditional terrorist groups with established sponsors 
have currently remained hesitant to use a nuclear weapon, 
for fear of provoking a worldwide crackdown and alien- 
ating their supporters (13). However, as sophistication 
increases, terrorist organizations may have less fear in 
considering such a weapon if it is available to them. 

A number of nations have attempted to achieve nuclear 
capability. Some have been successful to some degree 
or another. Iranian agents unsuccessfully approached a 
Kazakhstan metallurgic plant to obtain enriched uranium 
in 1992. In 1993, three Iranians, probably intelligence 
agents, were arrested in Turkey while seeking to acquire 
nuclear material from smugglers from the former Soviet 
Union. The former regime of Saddam Hussein was well 
known for desiring nuclear weapons and having the major 
components for nuclear weapons in its possession (14). 
North Korea has now produced enough plutonium for 
at least one and possibly two nuclear weapons (5). Since 
the last writing of this textbook, the regime of North 


Korea has admitted to possessing nuclear weapons. The 
regime has entered into intermittent talks with the United 
States and the International Atomic Energy Agency (IAEA) 
but has yet to determine that it will stop production 
of fissile materials or weapons. Iran is now known to 
have the nuclear capability to create fissile materials. 
Mohamed ElBaradei, the IAEA director general, has 
recently summed up the current security situation of the 
world regarding nuclear materials, “All States must step 
up and pursue, at the highest policy levels, the urgently 
needed reforms to our global security system.” 

Unconfirmed reports exist that the Al-Qaeda terrorist, 
Osama bin Laden, has obtained two to three of the 
suitcase single kT-type weapons. Several informal analyses 
doubted the actuality of his acquisition of these weapons, 
citing the fact that Libya unsuccessfully offered the 
equivalent of US$1 billion to obtain a state-manufactured 
nuclear weapon. 

Various news services have previously reported that 
security at nuclear facilities was lacking in the face of a 
determined conventional assault. Reports exist of possible 
plans of terrorist organizations to attack nuclear power 
facilities within the United States and elsewhere in an 
effort to destroy the reactors and release nuclear radiation. 
These possibilities have always been considered highly 
unlikely but within the realm of possibility. Security plans 
nationwide are being reevaluated to see if the current 
states of readiness are robust enough to match the existing 
known intelligence. 

It should suffice to say that there is a very real threat 
for nuclear detonation worldwide, and that it is likely that 
substantial infrastructure will remain around the stricken 
area with which to mount a disaster response. As such, 
we must form a basic understanding of these events from 
which to derive our response plans. 


EFFECTS OF NUCLEAR WEAPONS 


The characteristic mushroom cloud is actually common 
for many types of explosions. Its formation is shown in 
Fig. 33-3. High airbursts may generate spherical clouds. 
Mushroom-type clouds may or may not have a stem. 
Small, tactical-size fission devices are the most likely type 
of nuclear detonation that would occur during peace 
time. Accordingly, a 1-kT device serves as a model for 
comparison purposes in this text unless stated otherwise. 
The distribution of energy of a nuclear device, regardless 
of the height of burst is (a) blast and shock of 50%, 
(b) thermal radiation of 35%, (c) initial nuclear radiation 
of 5%, and (d) residual nuclear radiation of 10%. 


Blast 


A nuclear detonation causes dynamic pressure changes 
as in any other explosion, except on a larger scale. 
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FIGURE 33-3. Cutaway showing an artist’s conception of 
toroidal circulation within the radioactive cloud resulting from a 
nuclear explosion. (From Glasstone 5, Dolan PJ, eds. The effects 
of nuclear weapons. Washington, DC: Department of the Army, 
1977:29, with permission.) 


Overpressures are much more pronounced with proximity 
to the blast. With increasing distance from ground 
zero, the overpressure changes become less prominent. 
A negative pressure phase, which is much milder, also 
occurs, causing a wind reversal toward ground zero. Once 
the pressure normalizes to atmospheric pressure, a second 
wind reversal away from ground zero takes place. A blast 
overpressure of 5 pounds per square inch (psi) is the 
threshold for causing both (a) devastation to frame and 
brick houses and (b) eardrum damage in humans. 


The Mach Stem or Mach Front 


Detonations cause the formation of a blast or shock 
wave that indicates the advance of the overpressure. 
Detonations at some altitudes create both an incident 
and a reflected blast wave (Fig. 33-4). The reflected wave 
overtakes and merges with the incident wave at lower 
altitudes, causing the formation of a mach stem or a mach 
front (Fig. 33-5). The mach stem has a defined height, 
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FIGURE 33-4. The reflection of blast wave in an air burst at 
the earth’s surface, tı to t4 represent successive times. (From 
Glasstone S, Dolan PJ, eds. The effects of nuclear weapons. 
Washington, DC: Department of the Army, 1977:87, with 
permission.) 


above which areas are found where the incident and 
reflected waves have not yet joined. The significance of 
this phenomenon is that the resultant overpressure of the 
mach front is approximately twice that of the original 
incident blast wave. The height of the mach stem will 
increase with time and distance (Fig. 33-6). 


Crater Formation 


Crater formation in surface and underground bursts is a 
well-understood phenomenon. In a surface burst, spalling 
of the surface is observed, and then the upper layers move 
upward at approximately 150 ft per second as a result 
of the incident blast wave. If significant water moisture 
is present, this water vaporizes and contributes to the 
upward movement of the ground. A crater lip is formed; 
debris falling on the lip is known as ejecta. Material 
that falls back into the crater immediately is known as 
fallback (Fig. 33-7) (15). When the fallback descends to 
the ground, the dust-laden air reaching the ground then 
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FIGURE 33-5. The merging of incident 
and reflected waves (a,b) and the formation 
of Mach Y configuration of shock fronts 
(c). (From Glasstone S, Dolan PJ, eds. The 
effects of nuclear weapons. Washington, DC: 
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Department of the Army, 1977:89, with 
c permission.) 
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eds. The effects of nuclear weapons. 


R — Reflected wave R 
| — Incident wave 


Washington, DC: Department of the 
Army, 1977:89, with permission.) 


Region of regular 
reflection 


reaches outward, producing a base surge. Knowledge of 
the crater size resulting from a surface burst allows the 
calculation of a nuclear yield. 


Thermal Energy 


A conventional explosion fireball has a temperature of 
several thousand degrees, whereas a nuclear detonation 
fireball will be tens of millions of degrees, therefore 
constituting a major difference between these types of 
explosions. Consequently, this energy is released mostly 
in the form of short-wave electromagnetic radiation. 
The thermal effects are released in two phases: (a) an 
initial pulse usually lasting a second or less, constituting 
1% of the thermal energy with x-rays and ultraviolet 
radiation predominating; and (b) a second pulse lasting 
a few seconds that is composed of more visible light, 
and capable of causing secondary fires and retinal burns 
(Fig. 33-8). 


Region of mach 
reflection 


Electromagnetic Radiation 


The brilliant flash of detonation can ignite various 
materials at closer ranges and can create flash marks 
and etch shadows in adjacent structures. Ignition depends 
on reflectivity, material thickness, and moisture content. 
With devices of lower yield, a given amount of energy may 
be more effective if it is given over a somewhat longer time 
(1 or 2 seconds). Humans are more likely to suffer flash 
burns if they are wearing dark or flammable material. 
The brightness of the flash may cause the temporary 
loss of visual acuity known as flash blindness or dazzle. 
This injury is more likely than retinal burns because most 
people try to shield their eyes during a detonation. Retinal 
burns cause permanent visual impairment by damage to 
the retina. Well-defined minimal safe distance estimates 
exist that delineate at what points retinal burns may occur 
given a particular yield and depending on whether the 
detonation occurs during the day or night (Fig. 33-9). Safe 
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FIGURE 33-7. Cross section of Crater boundary 


a crater from a subsurface nu- 
clear detonation. (From Glasstone 
S, Dolan PJ, eds. The effects of 
nuclear weapons. Washington, DC: 
Department of the Army, 1977:254, 
with permission.) 
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FIGURE 33-8. Emission of thermal radiation in two pulses of 
an air burst. (From Glasstone S, Dolan PJ, eds. The effects of 
nuclear weapons. Washington, DC: Department of the Army, 
1977:41, with permission.) 


separation distances for reducing eye injury are much 
greater at night. 


Electromagnetic Pulse 


The energy released from a fission or fusion event is 
very dense; the temperatures generated are in the order 
of tens of millions of degrees in comparison with a few 
thousand degrees in the case of a conventional explosion. 
As a consequence of these extremely high temperatures, 
a wide range of electromagnetic energy is released after a 
fission or fusion event. An electromagnetic pulse (EMP) is 
the generation of a great amount of energy within a wide 
radiofrequency spectrum. This type of pulse can also be 
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generated with conventional detonations to a lesser extent, 
but in the case of a nuclear detonation this may present as 
a major effect. All electrical equipment may be susceptible 
to permanent disruption due to the EMP. Among the 
most susceptible equipment are rare-earth transistors 
and static-sensitive transistors and chips. Equipment that 
is more resistant to EMP includes nontransistorized, 
vacuum tube equipment. Equipment that is encased 
completely in metal, protection that is known as a Faraday 
shield, would be completely shielded and would still 
be useable after a surface burst. Measures that protect 
equipment from lightning pulses will not offer protection 
from a nuclear EMP. The EMP will have substantial effect 
on basic medical equipment such as cardiac or pulse 
oximeters, intravenous pumps and the like, rendering 
them nonfunctional. EMPs have been classified into the 
following two types: surface burst electromagnetic pulse 
(SBEMP), and high-altitude electromagnetic pulse (HEMP). 


Surface Burst Electromagnetic Pulse 


SBEMP at altitudes of 200 m or less can be even more 
powerful than HEMP, and it may involve fields as strong 
as one million volts per m (15). High levels of SBEMP may 
weld buried or above-ground cables outside the immediate 
vicinity of nuclear detonation. These cables may remain 
intact yet essentially short out, transmitting tremendous 
surges of energy to connected systems down the line. 
Because of the physics involved, SBEMP effects extend to 
ranges that are 10 to 20 km from ground zero. 

No nonclassified techniques exist for estimating the 
range of SBEMP effects, but a realistic expectation would 
be that a tactical (kT) size surface burst would quite prob- 
ably disrupt most electronic gear within the immediate 
area. One example for a 10-kT weapon indicates that the 


Daytime visibility 
46 km 


Retinal burns 
16.7 km 


Flash blindness 


5.9 km FIGURE 33-9. Safe separation dis- 


tance for eye injuries. This figure 
assumes a weapon yield of 1 kT, a 
detonation altitude of 300 m, and a 
personnel altitude at sea level. (From 
Armed Forces Radiobiology Research 
Institute. Medical effects of ionizing ra- 
diation. Course. Bethesda MD: Armed 
Forces Radiobiology Research Insti- 
tute, 2002, with permission.) 
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safety (standoff) distance in the open is 2,400 m, although 
the EMP damage radius for critical electronic equipment 
could extend to ranges of 5,000 m (16). 


High-Altitude Electromagnetic Pulse 


HEMP is produced when a nuclear explosion occurs 
30 km or more above the earth’s surface. The physical 
processes that generate HEMP differ from those that 
produce SBEMP, and HEMP effects can have considerable 
strength at great distances. The intensity of a HEMP field 
could be as high as 50,000 volts per m. The contiguous 
48 states could be covered with a HEMP field of at least 
25,000 volts per m. A working scenario of the United 
States military has been that a detonation of 300 MTs 
at an altitude of 100 mi above the geographical center 
of the continental United States, which would require the 
detonation of multiple warheads, would effectively disrupt 
all communications nationally. 


Transient Radiation Effects 
on Electronics 


Transient radiation effects on electronics (TREE) is an 
effect that occurs on electronics equipment in addition 
to EMP. TREE is a shorter range effect brought on by 
ionization caused by the initial pulse of gamma and 
neutron radiation within electronic equipment. Some 
of the effects may be temporary (those from gamma 
radiation), although other damage may be permanent. 
Damage is dose rate-related (17). 


lonizing Radiation 


Ionizing radiation is one of the special emission fea- 
tures of a nuclear detonation. Two types of radiation 
are released—immediate radiation and residual radiation. 
Immediate radiation consists of gamma radiation, beta 
radiation, neutron radiation, and a small fraction of alpha 
radiation. In a nuclear detonation, gamma rays from fis- 
sion are formed in less than 1 microsecond. These prompt 
gamma rays are produced so rapidly that they are sig- 
nificantly absorbed by the weapon components. Some 
delayed gamma rays are formed from neutrons captured 
within other nuclei. Other delayed gamma rays come from 
the near-instantaneous appearance of fission fragments. 
The instantaneous and delayed gamma rays are formed 
in approximately equal amounts. Neutrons are captured 
by atmospheric nitrogen, which then release additional 
gamma rays. Therefore, delayed gamma rays, along with 
gamma rays from neutron capture, constitute approxi- 
mately 100 times more radiation released than that from 
the prompt gamma ray component (18). 

Neutrons are another relatively unique radiation from 
a fission or fusion bomb. The 20-kT bombs of Hiroshima 


and Nagasaki were thought to have a neutron quality 
factor of 20 from dosimetry estimates performed in 1986, 
making neutron doses 20 times more effective than the 
equivalent gamma doses. Neutrons tend to change energy 
with distance as they are attenuated by air. Neutrons 
released from fission and fusion bombs will have different 
energy spectra. Neutrons released from fusion weapons 
will have a larger proportion of high-energy neutrons. 
In addition to being more effective, neutron radiation is 
also special in that it is capable of inducing radioactivity 
in other substances; in other words, it can make certain 
other substances radioactive. 


Residual Radiation 
Induced Radiation 


Induced radiation occurs in certain materials as a result of 
the bombardment of neutrons as in a fission detonation. 
The process is also referred to as activation, or neutron- 
induced gamma activity (NIGA). A variety of substances 
could become radioactive due to a detonation. The soil 
in the immediate target area is considered radioactive 
to a depth of 0.5 m. Nonmetallic substances that can 
become activated include silicon 31 (7!Si) and manganese 
56 (5Mn, half-life, 2.6 hours). Metals such as aluminum 
28 (Al; half-life, 2.3 minutes), zinc, and copper are 
easily activated. In biological systems, the most important 
induced form of radioactivity is Sodium 24 (7“Na) (half- 
life, 15 hours), which can occur in any bioactive material 
containing sodium and is also easily detectable. Glass, 
which contains both sodium and silicon, may become 
activated. Typical radiation 1 hour after detonation is 0.02 
Gy per hour (2 rad/hour) due to NIGA. The area affected 
by NIGA is calculated using the Keller nomogram and a 
consideration of the soil type. 


Fallout 


The process of fission generates a mixture of fission prod- 
ucts comprising approximately 80 different radionuclides 
and the unconsumed radioactive products that are seen af- 
ter a surface burst. Fallout is the fusion and condensation 
of these fission products and earth debris that later falls 
to earth. Surface blasts form substantial fallout, whereas 
an air burst at an optimum height will produce negligible 
fallout, as occurred in the Hiroshima and Nagasaki bomb- 
ings. The direction of fallout from ground zero is based 
on the aloft winds, which may travel in many different 
directions at different altitudes, and the surface winds. 
Therefore, the actual location of fallout might differ ap- 
preciably from what would be expected from the direction 
of surface winds alone (19). The only hazard associated 
with fallout is radiation. 

In early fallout, radioactive residues fuse with dust and 
debris and frequently take on a snowflake-like appearance. 
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Early fallout is arbitrarily defined as the radioactive debris 
that accumulates within the first 24 hours and is composed 
of much larger particles. Thermonuclear, or fusion, 
detonations generate significantly less fallout. Early fallout 
constitutes mostly an external hazard because of beta and 
gamma rays from sources outside the body. Early fallout 
doses change considerably at various times after a nuclear 
explosion. 

After a surface burst, late or delayed fallout is also 
observed; this remains in cloud formations for more than 
24 hours after detonation. These radioactive residues 
are much less than early fallout, but they may cause 
an additional source of radiation in the form of cloud 
shine. If the nuclear cloud is either within or below a 
rain cloud, then the resultant precipitation could cause 
rainout or washout of these fission products. Late fallout 
has been characterized as extremely fine invisible particles 
that accumulate slowly in low concentrations over a 
considerable portion of the earth surface. The long period 
of time during which these particles are aloft reduces 
exposure rates; dose accumulation with these particles is 
too slow and too small to be immediately hazardous to 
health, but it may be sufficient to cause delayed or late 
effects (20). Strontium-90 (Sr 90) has traditionally been 
the radionuclide indicator that is assayed to estimate the 
amounts of delayed fallout. In contrast with early fallout, 
which is a contact and external hazard, delayed fallout 
constitutes a potential long-term ingestion (internal) 
hazard from iodine, strontium, and cesium radioisotopes. 


PREHOSPITAL IMPACT 
AND CONSIDERATIONS 


Contamination and Medical Issues 


Prehospital decontamination should be cursory and brief, 
removing gross fallout from the body surfaces, as well as 
taking off the clothing and shoes of the patient. Prehospital 
decontamination should not be expected to be definitive, 
particularly in the scenario of a nuclear detonation. These 
modest actions alone may be life saving, as they avoid 
beta burns and minimize radioiodine uptake. Casualties 
with both beta burns and systemic irradiation create a 
type of combined injury that is associated with increased 
morbidity and mortality. In the initial stages, removing all 
traces of contamination is not necessary for avoiding beta 
burns. Casualties and responders who are at risk of being 
exposed to fallout are best treated prophylactically with 
some form of radiostable iodine at least 1 hour before 
exposure. Once exposure has occurred, giving radiostable 
iodine may still be useful up to 4 hours after exposure. 
Every ambulance unit should not be expected to have 
radiation survey equipment, but each ambulance service 
should have supervisors capable of operating radiation 


survey meters. The state radiation health department or 
equivalent agency may provide field teams to assist in sur- 
veys. They may work in conjunction with the Federal De- 
partment of Energy’s radiation assistance program teams 
that assess the degree of contamination. Any nuclear deto- 
nation will probably initiate activation of the Federal Radi- 
ological Monitoring Assistance Center, a field monitoring 
organization that would theoretically coordinate the dif- 
ferent types of radiation monitoring and assessment. 

The Centers for Disease Control and Prevention (CDC) 
maintains a pharmaceutical cache for the eventuality that 
weapons of mass destruction are used. Some medicines 
and equipment for the affected population may be 
supplied by the CDC. 


Terrorism Issues 


In the event of a terrorist attack, the possibility of 
secondary devices should always be considered, even in 
nuclear detonations. Initial surveys may provide either 
inaccurate or contradictory information. In RDD models 
using easy-to-obtain radiation sources, radiation has been 
discovered to be so well dispersed that, in some instances, 
it may be quite difficult to detect the radiation using 
standard radiation survey equipment (21). 


Mass Casualty Incident Issues 


Distinguishing between contaminated and noncontami- 
nated casualties would be important in the event of a 
nuclear detonation. The author suggests that magenta, 
a color associated with radiation placarding, might be 
used to designate those with radioactive contamination; 
this would be in addition to any other colors used in 
triage. Establishing separate contaminated and noncon- 
taminated casualty staging areas may be useful for the site 
incident commander. 


High Explosive Material 


Unexploded high explosive material may be present in 
significant amounts after a successful nuclear detonation. 
This could pose a significant explosive hazard if struck or 
stepped on by victims, responders, or equipment. 


EMERGENCY DEPARTMENT IMPACT 
AND CONSIDERATIONS 


In the event of a true nuclear detonation, local hospitals 
and medical providers will perform dramatically different 
functions than usual. Surviving hospitals near an impact 
area should consider functioning primarily for triage 
and as a casualty collection point and then transferring 
patients to other hospitals. 
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If hospitals have impaired function, a risk-benefit 
decision should be made about whether the hospital 
should continue to function or whether patients and 
personnel should be evacuated to continue care at an 
intact facility. Prior mutual aid agreements with hospitals 
outside an impact area should be activated for possible 
hospital and personnel evacuation (see Chapter 9). 

Hospitalization is a key factor for patient survival in 
higher dose exposures. The prompt median lethal dose 
(LDs9) with minimal care is 3.0 Gy (300 rads) (22), 
and, with austere medical support for patient survival, 
the LDso can easily be extended into the range of 4.5 
Gy (450 rads) (23). Therefore, efforts should be directed 
toward finding sufficient hospital bed resources for eligible 
casualties. Activation of the National Disaster Medical 
System’s (NDMS) hospital bed system may be important 
for facilitating victim transfers and enhancing patient 
survival. 


Decontamination 


Victims will self-rescue with an improvised response and 
will typically present to the nearest emergency department 
in the event of a mass casualty incident or disaster. The 
emergency department must be prepared to receive a large 
number of potentially contaminated casualties who have 
not had prehospital care (see Chapters 26 and 27). 

A contamination triage checkpoint will need to be es- 
tablished outside the hospital to reduce the amount and 
incidence of hospital contamination (see Chapters 26 
and 27). Gross dry decontamination should be made 
available immediately outside the hospital. The use of 
portable vacuum units with a high-efficiency particulate 
air (HEPA) filter and flexible hose may facilitate rapid, 
morbidity-reducing decontamination outdoors. A mass 
decontamination shower system line may also be consid- 
ered for outdoor use as a definitive step. Patients who are 
decontaminated will need temporary clean clothes (e.g., 
hospital gowns) and a system for labeling and reclaiming 
personal belongings. 

In the case of a terrorist-caused disaster, the Envi- 
ronmental Protection Agency has stated on record that 
the care of the population would come first and that 
regulations against radionuclide runoff would not be 
enforced. 

A radiation emergency area (REA), a location for indoor 
decontamination, should be part of radiation emergency 
plans in the event that contamination or contaminated in- 
dividuals inside the hospital are discovered (see Table 26-7 
for procedures in the event that contamination is discov- 
ered inside the hospital). Heavier preparation of the indoor 
REA may be necessary, including covering the floor with 
either butcher paper or a plastic covering (e.g., herculite). 
Floor preparation will make REA contamination cleanup 
easier. Infrequently used equipment within the REA may 


be covered with a bedsheet or a clear plastic sheet. The 
indoor REA should be capable of caring for medically 
unstable patients and should have access to the critical 
care resources of power, oxygen, suction, fluid resusci- 
tation, cardiac monitoring and defibrillation, and airway 
stabilization. 


Monitoring Issues 


Every hospital should have on-call health or medical 
physicist consultation available and a minimum of two 
radiation survey meters equipped with pancake probes. 
Radiation survey meters require calibration every 6 
months by a health physicist. 

If hospital budgets are tight, old civil defense instru- 
mentation, such as the low-range CDV-700, the high-range 
CDV-715 survey meters, or the complete set, known as the 
CDV-777-1 radiation detection set, should be readily avail- 
able as surplus item at a county emergency management 
agency or an auction. They may be refitted with pancake 
probes for approximately $130. These instruments are of- 
ten regarded derisively by health physicists and health 
physics technicians because they are not state-of-the-art 
equipment; indeed, many health physicists actively at- 
tempt to decommission these instruments whenever they 
encounter them. However, these instruments were de- 
signed precisely for nuclear detonation scenarios, and 
they should perform well enough to meet this need. Older 
civil defense equipment is notorious for being unable to 
maintain calibration. Other, newer radiation survey units 
may cost $450 or more. 


Door Frame Monitors 


Door frame monitors may be extremely useful in the rapid 
gross survey screening of large numbers of people. Door 
frame monitors consist of a series of Geiger-Müller tubes 
lined along a door frame-shaped portal and connected 
to a standard radiation survey instrument. Door frame 
probes and survey meters should constitute a portion of 
the regional stockpile of radiation response equipment. 


Nuclear Medicine Gamma Camera 


The ubiquitous nuclear medicine gamma camera is avail- 
able in any hospital with a nuclear medicine department. 
The gamma camera is an ideal screening tool for detecting 
the presence of fission products and therefore contami- 
nation from fallout. While in the process of developing 
radiation response plans, in-house radiologists and nu- 
clear medicine physicians should be familiarized with this 
potential use of the gamma camera (24). The gamma cam- 
era provides gross sensitivities that are between those of 
whole-body counters and Geiger-Miiller survey counters 
(Table 33-1). 
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) TABLE 33-1 Minimal Detectable Activity vvith Point Source in Air and vvith Scatter 


Medium? 
Whole Body Counter MDA 
Radionuclide (MDA in Air) 
1251 — b 
2T] 0.20 
5Co 0.09 
ür 0.12 
Tin 0.11 
13Ba 0.11 
131 0.12 
Sr 0.11 
ICs 0.13 
“Mn 0.10 
kin 0.10 


Abbreviation: MDA, minimal detectable activity. 


Geiger-Müller Survey Counter 


Gamma Camera 


(MDA in Air) Scatter Media (MDA in Air) 
0.30-2.62 3.68—29.90 90 
0.51-0.69 2.40-3.48 188 
0.37-0.39 1.15-1.53 144 
0.40-0.56 1.36-1.64 165 
0.71-0.89 1.88-2.50 20 
0.56-1.09 1.51-2.71 59 
0.68-0.99 1.85-3.22 90 
0.72-1.10 2.10-3.40 59 
1.04-2.26 2.47—4.03 99 
1.06—1.84 2.10—4.24 38 
1.27-1.48 2.11—3.15 14 


Gamma cameras used were (a) Ohio Nuclear Series 100, (b) Searle Pho/Gamma İV, (c) Picker Dyna Camera 4/15, and 


(d) Siemens LEM. 
Multiplication by 37 converts MDA (number of Ci) to Bq units 


4 Data was combined and condensed from Tables 4 and 5 of the original source document. 
P Electronic interference prevented the detection of energy below 50 keV. 
Modified from Nishiyama H, Lukes SJ, Saenger EL. Low-level internal radionuclide contamination: use of gamma camera 


for detection. Radiol 1984; 150:235—240, with permission. 


Triage 


Triage should provide a simple, practical means for sorting 
patients into severity categories (see Chapter 2). In a 
nuclear detonation, a disaster condition will exist with 
a shortage of resources for the number of casualties 
received; so disaster mode triage, with its emphasis 
on doing the greatest good for the greatest number of 
casualties, will be used rather than allocation of whatever 
resources are needed to save a given life. Triage decisions 
should always reflect the available resources at that time. 
The following three parameters are most useful in nuclear 
detonations: (a) the time to onset of vomiting after 
detonation, (b) the decrease in absolute lymphocyte count 
over a 24- to 48-hour period, and (c) the presence of 
conventional trauma. 


A number of schemes have been proposed to triage 
combined injury, modifying the triage category with in- 
creasing amounts of radiation exposure. The military 
uses Table 33-2, including systemic radiation and the 
onset of vomiting, to modify conventional triage classifi- 
cations (25). 

The complete Union of Soviet Socialist Republics 
(USSR) triage table, used in the Chernobyl disaster in 
1986, creates triage classifications based on the onset 
of prodromal symptoms and constitutes a practical and 
effective triage criteria for irradiation injury (Table 33-3). 
The complete table places conventional injuries within 
classes of systemic radiation injury to create the more 
complete triage scheme used in the Chernobyl response. 
Prodrome, latency, and the development of enteritis 
are independent clinical variables. Laboratory findings 


) TABLE 33-2 Combined Injury Triage when Radiation Doses Are Known? 


Conventional Triage Categories 
if Injuries Are Only Trauma 


No radiation <1.5 (150 rad) 
Prodrome onset <3h 
Immediate Immediate 
Delayed Delayed 
Minimal Minimal 
Expectant Expectant 


Changes in Expected Triage 


Category Following Whole-body Radiation Dose (Gy) 


1.5-4.5 (150—450 rad) >4.5 (450 rad) 


1-3h <1h 

Immediate Expectant 
Expectant Expectant 
Expectant Expectant 
Expectant Expectant 


3 Decision based on whole-body radiation dose; assumes all casualties are wearing personal dosimeters. 
Modified from data in the North Atlantic Treaty Organization. NATO handbook on the concept of medical support in NBC 
environments [AMed P-7 (A)]. Brussels: North Atlantic Treaty Organization, 1978. 
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) TABLE 33-3 Complete Union of Soviet Socialist Republics Classification of Chernobyl 


Victims? 


Parameter 


Prodrome onset (h) 


Latent period (d) 
Skin burns 
Enteritis 


Lymphocytes/L (3-6 d) 
Granulocytes/uL 


Platelets/uL 

Total-body radiation 
dose (Gy) 

Deaths/number of 
patients 

Clinical findings 


Estimate of survival 


Fourth Degree 


<0.5 (vomiting at 30 min, 
headache, fever) 


6-8 
40% -90% 
7-94 


<100 
<500 (7-9 d) 


<40,000 (8—10 d) 
>6-12, 16(600—1,200 rads, 
1,600 rads) 


17/20 (15 at Moscow, 10-50 d; 2 


at Kiev, 4—10 d) 


General intoxication, fever, oral 


and salivary lesions, beta 
burns severe enough to 
cause death, >8—10 Gy of 
exposure, severe intestinal 
syndrome 

Unlikely 


Third Degree 


0.5—1 (vomiting, 
headache, 
subfebrile, 
transient 
hyperemia of skin) 

8-17 

6 severe, all died 


100-200 
<1,000 (8-20 d) 


<40,000 (10—16 d) 
4.2-6.3 

(420-630 rads) 
7/23 (2-7 wk) 


High fever, infection, 
hemorrhage, 
severe skin injury 


Probable with 
treatment 


Second Degree 


1-3 (vomiting) 


15-25 
Slight 


300-500 

> 1,000 (20-300 
patients) in 
15-20 d 

40,000 (17-24 d) 

2-4 (200—400 rads) 


0/53 


Infections, slight 
hemorrhage, 
elevated 
erythrocyte 
sedimentation rate 


Possible without 
treatment 


4 Barabanova related that categories for first-and second-degree injuries were actually slightly different in Radiation 
Emergency Assistance Center/training site (REAC/TS) newsletter, winter 1992. 
Modified by Barabanova. Row items have been rearranged for temporal clarity. 


First Degree 


>3 (general reaction) 


>30 
Slight 


600—1,000 
3,000—4,000 (8-9 d) 


40,000-60,000 (25-28 d) 
1-2 (100-200 rads) 


No severe skin change, 
moderate elevation of 
erythrocyte sedimentation 
rate 


Probable without treatment 


are corroborating variables. Survival is the ultimate 
dependent variable. The general correlation of precise 
time to onset of the prodrome may correlate better with 
dose estimates, so an accurate prodrome onset may be of 
greater usefulness in the future. 

Within any group of individuals, a significant number 
of those who are vomiting may be doing so for psychogenic 
reasons. Serial absolute lymphocyte counts can confirm 


D TABLE 33-4 The Penalty Table 


Accumulated Radiation Exposure 


in Gy (rad) in a Period of 
Medical Care Needed 1 wk 1 mo 4 mo 
None 1.5 (150) 2 (200) 3 (300) 
Some (5% may die) 2.5 (250) 3.5 (350) 5 (500) 
Most (50% may die) 4.5 (450) 6 (600) m 


From the National Council on Radiation Protection and Measurements. 
Radiological factors affecting decision making in a nuclear attack. NCRP 
publication no. 42. Washington, DC: National Council on Radiation 
Protection and Measurements, 1974:51, with permission. 


systemic radiation exposure in these individuals, and the 
Andrews nomogram may be used to predict severity of 
hematopoietic involvement. Once radiation doses have 
been estimated, the “penalty” table may be used to provide 
prognostic outcomes (Table 33-4). This table may be used 
to restrict exposures to categories of lesser severity, as well 
as to provide a prognosis for those so exposed. 


Personnel Needs 


Dealing with contamination issues will take significantly 
more personnel than is usual for operations, while at the 
same time a situation exists in which some personnel or 
their relatives may be injured or killed. Personnel will 
need some systematic method for checking on relatives 
and other loved ones (see Chapter 9). Improvised child 
care at the hospital will enhance personnel performance. 
Personnel needs should be estimated realistically to ensure 
that the vital functions of the hospital are maintained 
throughout the response and then should be scaled so 
that a disaster response can be staffed for days or possibly 
even weeks. 
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Advisory points of contact for hospitals are the state 
radiological health department, the county or state 
emergency management agency, which may have in- 
formation on sheltering and evacuation, the Radiation 
Emergency Assistance Center/training site (REAC/TS), 
based in Oak Ridge, Tennessee, which is available for 
consultation on specific medical issues; and the CDC, 
which has recommendations on overall population health 
issues. 


SPECIFIC CLINICAL ENTITIES 


The clinical entities of external contamination, systemic 
irradiation, and internal contamination have been com- 
prehensively discussed in Chapter 26. These topics will be 
covered within the context of nuclear detonation. 


External Contamination 


External contamination will be principally caused by 
fission products from bomb residue. In the case of tac- 
tical nuclear weapons, this cannot technically be called 
fallout because fallout forms from the condensation of 
vaporized fission products and earth at high altitudes. 
Principal radionuclide contaminants will consist of iso- 
topes of iodine, "7Cs, ?°Sr, and plutonium or uranium. 
Individuals within the blast radius will avoid significant 
contamination by constantly removing dust and debris 
from skin and clothing. This will lessen the chances of 
both external and internal contamination. External con- 
tact with fission products over a period of time will cause 
beta burns, which, when combined with systemic irradi- 
ation, could cause dramatically increased morbidity and 
mortality. 

Beta burns or any other type of radiation burn will not 
present in an immediate manner. Any immediate burns 
observed will be due to flash or thermal burns. Victims 
in whom beta burns develop have an early itching or 
burning sensation and little or no erythema, followed by 
darkening (bronzing) of the skin, epilation (hair loss), 
and dry desquamation approximately 2 to 3 weeks later. 
Beta burns may cause weeping and scabbed lesions, 
but they are typically more superficial than gamma ray 
skin burns. Regrowth of hair occurs over a 6-month 
period (26). 


Systemic Irradiation 


If the nuclear device detonated is a tactical or strategic 
nuclear weapon, the radiation dose can be calculated from 
the device yield, the distance from the epicenter, and the 
amount of shielding at the moment of detonation (see 
Chapter 26 for a more complete summation of the acute 
radiation syndrome and its complications). 


Internal Contamination 


In the event of a nuclear detonation, internal contamina- 
tion occurs due to skin contact with bomb residues, and 
eating contaminated food. Radioiodines are the primary 
internal radiation hazard during the first few weeks after 
atomic bomb fallout (27). After isotopes of iodine, !3’Cs, 
Sr, plutonium, and uranium should be considered. 

A 1978 text, the Manual on early medical treatment 
of possible radiation injury (IAEA Safety Series No. 47), 
outlined a course of action for fission product mix- 
tures. It included the following: (a) potassium iodide, 
100 mg orally; (b) potassium rhizodizonate (for strontium- 
contaminated wounds) topically; (c) calcium alginate (for 
strontium ingestion); (d) Prussian blue, 1 g orally (for ce- 
sium contamination); and (e) calcium-diethylenetriamine 
pentaacetic acid (Ca-DTPA), 1 g in 4 mL by inhalation 
(for transuranic elements). Other texts have discounted 
the practicality of treating large numbers of survivors 
who are contaminated with fallout in this manner. No 
examples of fallout victims treated in this manner have 
been documented. 


Combined Injuries 


Conventional injuries combined with irradiation consti- 
tute combined injury and result in dramatically increased 
morbidity and mortality. Any type of healing from con- 
ventional injuries is delayed in the setting of significant 
irradiation exposure. The onset of immunocompromise 
from systemic radiation exposure offers increased risk 
from sepsis, as well. Table 33-3 was published by the 
military to modify triage criteria in the midst of system- 
ically significant radiation exposure. Surgical correction 
of life-threatening conventional injury should be carried 
out before significant immunocompromise occurs (within 
36-48 hours). Elective procedures should be postponed 
until late in the convalescent period when hematopoietic 
recovery should have occurred (45-60 days) (28). 


Overexposure and Its Ramifications 


In the case of nuclear detonation, an overexposure would 
be a whole-body exposure of 0.25 Gy (25 rads) or less, 
an amount that would have no vital organ effects (except 
on sperm production). After a given exposure a patient 
may be highly motivated to understand the chances of 
getting cancer later in life, which is in the approximate 
range of 25%. Counseling on this subject should be 
provided at a later time. This is best done by any of 
the following persons—an occupational physician who 
deals with radiation, a nuclear medicine physician, or 
a radiation oncologist. Precise doses will not be known 
at the time of the accident. Estimates may be given 
initially that provide a working framework to guide the 
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) TABLE 33-5 Acute Radiation Effects vvith Higher 
Dose Exposure 


Threshold in Dso in Gy 
Acute Radiation Effects TGy (rads) (rads) 
Lethal bone marrow syndrome 1.5 (150) 3.0 (300) 
(minimal care) 
Lethal bone marrow syndrome 2.3 (230) 4.5 (450) 
(supportive care) 
Lethal pulmonary syndrome 5 (500) 10 (1,000) 
Lethal gastrointestinal 8 (800) 15 (1,500) 
syndrome 
Skin erythema 3 (300) 6 (600) 
Transepithelial injury 10 (1,000) 20 (2,000) 
Ovulation suppression 0.6 (60) 3.5 (350) 
Two-year sperm suppression 0.3 (30) 0.7 (70) 
Cataracts 1 (100) 3.1 (310) 
Acute radiation thyroiditis 200 (20,000) 1,200 (120,000) 


Abbreviation: Dso, effective dose for affecting 50% of the population. 

Data from Nuclear Regulatory Commission. Health effects models for 
nuclear power plant accident consequence analysis: low LET radiation, 
part Il: scientific bases for health effects models. CR-4214. Washington, 
DC: United States Nuclear Regulatory Commission, 1989, with permission. 


clinician’s response. As the dose estimate is refined over 
time, it may frequently change by a magnitude (or two). 
Several months may be required before the physician and 
patient receive a final dose estimate, particularly in cases 
of internal contamination (see Chapter 26). 

Many references provide a dose estimate to predict in- 
creased risk of cancer development later in life; several 
appear within the same source. These long-term estimates 
are mostly extrapolations based on the dose estimates 
of the Hiroshima and Nagasaki bombing survivors and 
an observation of long-term effects on these survivors. 
Methodological problems have been associated with the 


) TABLE 33-6 Deterministic In utero Exposure Effects 


Threshold Dso in Gy 

Exposure Time in Gy (rads) (rads) 
Embryo lethality 

0-18 d 0.1 (10) 1 (100) 

18-150 d 0.4 (40) 1.5 (150) 

150 d to term Same as mother 
Severe mental retardation 

8-15 wk — 1.5 (150) 

16-25 wk — 7.1 (710) 
Small head size 0.05 (5) 0.73 (73) 


Abbreviation: Dso, effective dose for affecting 50% of the population. 

From Nuclear Regulatory Commission. Health effects models for nuclear 
power plant accident consequence analysis: low LET radiation, part II: 
scientific bases for health effects models. CR-4214. Washington, DC: 
United States Nuclear Regulatory Commission, 1989:II-74—II-83, with 
permission. 


two previous methods of dose estimates, and a third at- 
tempt at dose estimation that will affect radiation risk 
estimates is now being formulated. Therefore, one must 
realize that there are many sources and techniques for 
determining future cancer risk and any two estimations 
are likely to arrive at somewhat different results. More- 
over, the basic assumptions used to derive these estimates 
are likely to change from time to time. Patients need to 
understand that these numbers are not firm and are sub- 
ject to change later. With this in mind, one of the more 
commonly quoted sources, biological effects of ionizing 
radiation (BEIR) V uses 0.08% per radiation-equivalent- 
man (rem) as the most simple number for expressing the 
increased risk for cancer development later in life from 
radiation exposure (29,30). 


Acute Effects 


Acute effects associated with higher dose exposure are 
reflected in Table 33-5. Chapter 26 presents an in-depth 
assessment of acute radiation exposure effects. At higher 
dose exposures, such as those incurred with a nuclear 
detonation, in utero effects become a significant concern 
(Table 33-6). 


) TABLE 33-7 Range of Uncertainties Associated with 
the Induced Mutation Rate 


Estimate of Induction Rate (10-4 Gy") 


Type of Disorder Lower Central Upper 
Dominants” 
Male 5 15 45 
Female 0 15 45 
X-linked 
Male 7.2 18 72 
Female 0 18 72 
Aneuploid 
Male 0 5 15 
Female 0 5 15 
Unbalanced translocations 
Male 9 71 450 
Female 0 71 450 
Irregularly inherited 
diseases at equilibrium 
Male 9 71 450 
Female 0 71 450 
Periimplantation wastage 20 480 1,900 
Aneuploid 0 360 1,080 
Unbalanced translocations 20 120 820 


a Zero applies to the first generation and one-fifth to later generations. 

From Nuclear Regulatory Commission. Health effects models for nuclear 
power plant accident consequence analysis: low LET radiation, part II: 
scientific bases for health effects models. CR-4214. Washington, DC: 
United States Nuclear Regulatory Commission, 1989:11-230, with 
permission. 
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Late Effects 


m general, late effects may include threshold effects, such 
as organ fibrosis, organ insufficiency, or organ failure. 
Examples of such threshold effects include pulmonary 
fibrosis and posterior pole cataract formation. Other 
late effects may include stochastic effects, such as the 
increased risk for development of cancer later in life. 
Rough estimates of this are expressed in Chapter 26. 
Other stochastic effects include the induced mutation 
rate. A comprehensive estimation of such effects was 
generated in 1989, and is represented in Table 33-7. 
The same estimation caveats mentioned in Chapter 26 
apply here. Estimations are continually reevaluated, and 
therefore may change over time. 


SPECIFIC PLANNING POINTS 


Medical planners should consider a means of rapid in- 
corporation of surviving responders and providers if great 
numbers of casualties result from a nuclear detonation. 
Hospitals should consider mutual aid agreements with 
other hospitals that are not likely to be involved in a 
given impact area in the event that augmentation per- 
sonnel are needed or if the hospital requires complete 
evacuation. 

One military predictive model estimates that isolated 
injuries of irradiation, burns, or wounds would constitute 
approximately 30% to 40% of injuries. Combined injuries 
would then comprise 65% to 70% of the injuries. Fig. 33-10 
provides a more specific breakdown of injury combina- 
tions (31). National assets, such as the Federal Emergency 
Management Agency (FEMA) and the Department of De- 
fense, have software programs that can predict casualties 
and other logistical needs. However, this information is 
considered classified information. In the event of a true 


Single injuries 


Wounds + Wounds + — 
irradiation burns İrradiation 
5% 5% (15%~-20%) 
Burns + 
wounds + 
irradiation 
20% Burns 
15%-20% 
Combined 
mjunes Wounds <5% 


(65%-70%) 


Burns + 
irradiation 40% 


FIGURE 33-10. Predicted casualty types after a nuclear deto- 
nation. (Data from Walker RI, Cerveny TJ, eds. Medical conse- 
quences of nuclear warfare. Falls Church, VA: TMM Publications, 
1989:11, with permission.) 


nuclear detonation, the expectation of health care provider 
casualties within the nuclear impact area is reasonable, 
although the actual number of provider casualties would 
depend on the device size, population density, and other 
factors. A review of the Hiroshima and Nagasaki bomb 
medical response indicates that only 10% of the preexist- 
ing providers were still functional within the impact area. 
See Table 33-8 for the casualty figures for these 20-kT 
weapons. 


SCOPE OF A NUCLEAR DETONATION 


The scope of a nuclear detonation can be quantitated 
first by estimating the yield, determining the location 
of the detonation (ground zero), and knowing weather 


) TABLE 33-8 Casualty Figures from Hiroshima and Nagasaki Bombings 


Zone 


Hiroshima (standardized casualty rate of 261,000 with a 
vulnerable area of 9.36 mi?) 
0-0.6 mi 
0.6-1.6 mi 
1.6-3.1 mi 
Totals 
Nagasaki (standardized casualty rate of 195,000 with a 
vulnerable area of 7.01 mi?) 
0-0.6 mi 
0.6-1.6 mi 
1.6-3.1 mi 
Totals 


Population Perm? Killed İnfured 
31,200 25,800 26,700 3,000 
144,800 22,700 39,600 53,000 
80,000 3,500 1,700 20,000 
256,000 8,500 68,000 76,000 
30,900 25,500 27,300 1,900 
27,700 4,400 9,500 8,100 
115,200 5,100 1,300 11,000 
173,800 5,800 38,100 21,000 


From Glasstone S, ed. The effects of nuclear weapons. Washington, DC: Department of the Army, 1962:544, with 


permission. 


392 V. Conflict-Related Disasters 


parameters. Many other calculations, such as the primary 
blast radius, burn radius, and dose, can also be estimated. 
Induced radiation areas (NIGA) and fallout prediction 
patterns can then be calculated. Preliminary computations 
focus on the location of ground zero, the yield estimation, 
and the fallout prediction pattern. 


Determination of Ground Zero 


Direct observation may provide the ground zero location 
for small-yield weapons. Observing units are not encour- 
aged to search for the actual ground zero location. More 
commonly, observing units may estimate the location of 
ground zero by relaying their location, an azimuth angle 
to the stem (in polar coordinates), and flash-to-bang time, 
which conveys a distance estimate. The speed of sound 
is 350 m per second at sea level, and the flash-to-bang 
interval will allow one to estimate distance in much the 
same way as counting seconds after a lightning strike. 
Multiple observing units will allow for triangulation and 
refinement of the ground zero location estimate. 


Yield Estimation 


Yield may be estimated from the measurement of the 
illumination time of a nuclear burst, especially during 
hours of darkness or poor visibility. See Table 33-9 for 


) TABLE 33-9 Yield Estimates for Illumination Times 


Illumination Time (s) Approximate Yield (kT) 


<1 2 
1 2.5 
2 10 
3 22 
4 40 
5 60 
6 90 
7 125 
8 160 
9 200 

10 250 

11 285 

12 325 

13 400 

14 475 

15 550 

16 700 

17 750 

18 800 

19 900 

20 980 


From Department of the Army. Army field manual FM 3-3-1, Nuclear 
contamination avoidance. Washington, DC: Department of the Army, 
September 9, 1994, with permission. 


yield estimation versus illumination time (32). The yield 
estimate given is within a factor of ten; therefore, an 
illumination time estimate of a 20-kT yield may actually 
be as small as 2 kTs or as large as 200 kTs. Illumination 
time estimation should not be used if it is possible to 
obtain cloud parameters to estimate yield. 


By Crater Size 


Crater sizes for a 1-kT explosion have been modeled in 
different types of media (dry soil, wet soil, rock, etc.), as 
Figs. 33-11 and 33-12 illustrate. Crater sizes for nuclear 
devices of differing sizes may be calculated by multiplying 
the 1-kT depth and radius dimensions by W°?, where W 
is the yield in kTs. For subsurface bursts, a scaled depth 
is first ascertained by dividing the depth of the burst by 
VV03, The scaled depth (in feet) is used to calculate the 
parameters of radius and crater depth for a certain soil 
type (Figs. 33-11 and 33-12), and the result is multiplied 
by W°? to determine the predicted radius and crater depth 
for a given yield device. 


By Measuring Cloud Parameters 


Because the bomb crater is in the ground zero area and 
may not be approachable for some time for measurements, 
measuring blast cloud parameters is considered the 
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FIGURE 33-11. The apparent crater radius as a function of 
depth of burst for a 1-kT explosion occurring either in or 
above various media. (From Glasstone S, ed. Shock effects 
of surface and subsurface bursts. In: The effects of nuclear 
weapons. Washington, DC: Department of the Army, 1962:255, 
with permission.) 
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FIGURE 33-12. The apparent crater depth as a function of 
the depth of burst for a 1-kT explosion occurring either in 
or above various media. (From Glasstone S, ed. Shock effects 
of surface and subsurface bursts. In: The effects of nuclear 
weapons. Washington, DC: Department of the Army, 1962:254, 
with permission.) 


most accurate technique for estimating nuclear yield. 
Measurements of the nuclear burst cloud are taken by 
the military at H + 5 minutes and/or H + 10 minutes, 
where H is the time of detonation. Height stabilization of 
the nuclear burst cloud is thought to occur from 4 to 14 
minutes after the explosion (Fig. 33-13). 

At 5 minutes after detonation, the angular width of 
the cloud is measured and relayed in terms of either 
degrees or mils (Fig. 33-14). At H + 10 minutes, vertical 
angles relaying the cloud-bottom and cloud-top angles 
are made (Fig. 33-15). Once the stabilized cloud radius is 
determined, the yield can be estimated. 


Fireball to 
initial cloud 
(10 s after burst) 


Growing cloud 
(1 min after burst) 


Growing cloud 
(3 min after burst) 


Observer 


FIGURE 33-14. Determining cloud width measurement. (From 
Department of the Army. Army field manual FM 3-3-1, Nuclear 
contamination avoidance. Washington, DC: Department of the 
Army, September 9, 1994, with permission.) 


Estimating Fallout Pattern 


The two most important factors in predicting a fallout 
pattern is the device yield and the weather conditions, 
the most important of which is wind speed. Yield may be 
estimated by determining crater size and extrapolating 
from the analog computer included in the book The 
effects of nuclear weapons (2). Computer programs such as 
HOTSPOT, which is available from Lawrence Livermore 
National Laboratories, can provide fast estimates of 


Stabilized cloud 
(4—14 min after burst) 


FIGURE 33-13. Nuclear cloud development. (From Department of the Army. Army field 
manual FM 3-3-1, nuclear contamination avoidance. Washington, DC: Department of the Army, 


September 9, 1994, with permission.) 
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FIGURE 33-15. Stabilized cloud top angle, cloud bottom angle, 


and cloud height measurements. (From Department of the Army. 
Army field manual FM 3-3-1, Nuclear contamination avoidance. 
Washington, DC: Department of the Army, September 9, 1994, 
with permission.) 


idealized fallout patterns. Calculation of fallout patterns 
may assist responders in estimating at-risk populations 
and projecting the response needs. However, one must be 
aware of the fact that, at various altitudes, dramatically 
different wind directions might exist; hence, fallout may 
move in directions that were not initially anticipated. The 
military can use a variety of software, including a personal 
computer (PC) software package known as the Automatic 
Nuclear Biological and Chemical Information System, to 
generate fallout estimates and to assist in decision making. 

Manual calculations of fallout patterns is conducted 
by the military, which then delineates zones of primary 
hazard (zone I) and secondary hazard (zone II). These 
zones are defined as areas where exposed, unprotected 
persons may receive significant total doses within 4 hours 
of the arrival of fallout (33). Zone I is considered an area 
where exposed, unprotected persons may receive doses of 
1.5 Gy (150 rads) or greater within 4 hours of the arrival of 
fallout. Zone II is considered an area where persons may 
receive a total dose of 0.5 Gy (50 rads) or greater within 
the first 24 hours of the arrival of fallout. Most fallout 
patterns have a characteristic downwind component, but 
if the effective wind speed is less than 8 km per hour 
a circular pattern is predicted. For the actual procedure 
to calculate fallout patterns, refer to Army Field Manual 
3-3-1, Nuclear contamination avoidance (16). 


Creating a Fallout Predictor 


A simple fallout predictor may be created from any 
transparent sheet for any map scale as follows (34): 


1. Select an appropriate map scale: On transparent or 
overlay paper, draw a thin dotted line (reference line) 
to a scaled length of 50 km from a point that has been 
selected to represent ground zero (Fig. 33-16). 

2. Draw and graduate in kilometers two radial lines from 
ground zero at angles of 20 degrees to the left and the 
right of the dotted reference line (Fig. 33-17). 


Reference 
Gz 5 10 15 20 25 30 35 40 45 50 
“4-14-4----L-5-1-1-4-1-- cc 
line 


FIGURE 33-16. Reference line for the expedient predictor. 
Abbreviation: GZ, ground zero. (From Department of the Army. 
Army field manual FM 3-3-1, Nuclear contamination avoidance. 
Washington, DC: Department of the Army, September 9, 1994, 
with permission.) 


3. On the side of ground zero opposite the reference 
line, draw a series of concentric semicircles (using the 
selected map scale) having radii of 1.2 km, 1.9 km, 
4.2 km, 6.8 km, 11.2 km, 18 km, and 28 km. These 
figures correspond to stabilized cloud radii from 
nuclear burst with yields of 2 kTs, 5 kTs, 30 kTs, 
100 kTs, and 3 MTs, respectively (Fig. 33-18). 

4. Label the semicircles, starting with the semicircle 
closest to ground zero and moving up, A, B, C, D, 
E, F, and G. Label the semicircles as 2 kTs, 5 kTs, 
30 kTs, 100 kTs, and 3 MTs (35). 

5. Determine the downwind distance of zone I from 
data of downwind speed and nuclear yield using a 
nomogram (Fig. 33-19) (35). 


Credible Fallout Exposures for a Population 


The 1954 Marshallese Islander exposure to fallout 5 hours 
after a 15-MT thermonuclear detonation generated an 
average total-body gamma dose of approximately 1.75 Gy 
(175 rads); the radiation doses to the thyroid gland were 
estimated to have averaged 3.34 Gy (334 rads) in adults, 
and they varied in children from 5 to 14 Gy (500 to 1,400 
rads) (27). 


Reference 
line 


FIGURE 33-17. Radial lines extending from ground zero (GZ) 
on the predictor. (From Department of the Army. Army field man- 
ual FM 3-3-1, Nuclear contamination avoidance. Washington, DC: 
Department of the Army, September 9, 1994, with permission.) 
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Fallout Protection Factors 


Several calculation rules can assist in calculating local 
dose rates that may help survivors and clinicians in 
estimating doses related to fallout. 

The seven-ten rule is used to estimate dose rates. The 
seven-ten rule states that for every sevenfold increase in 
time, a 10-fold decrease in the dose rate occurs (27); 
therefore, if the dose rate is 10 Gy per hour (1,000 rad per 
hour) at hour 0, then by hour 7, the dose rate would be 
estimated to have decreased to 1 Gy per hour (100 rad per 
hour). 

The double-the-time rule is also used to estimate the 
dose rate. When the time is doubled at a given dose rate, 
the new dose rate may be found by dividing the old rate 
by 2 and then subtracting 10% of the result (27). 

The FIT-forever rule calculates the total dose at a 
particular area. Fallout dose calculations may be made by 
the following formula (27): 


D=FxIxT 


where 

D represents the dose that would be received by an 
individual who stays forever at a particular location in 
fallout; 

F is 5, a physical constant; 

I represents the intensity or dose rate at that location 
at the time the individual reached that location and began 
to have exposure, 

T is the time in hours after the burst that the person 
began to have exposure. 


FIGURE 33-18. Fallout predictor 
using the M5A2 fallout predictor (the 
expanded case). Abbreviation: GZ, 
ground zero. (From Department of 
the Army. Army field manual FM 
3-3-1, Nuclear contamination avoid- 
ance. Washington, DC: Department 
of the Army, September 9, 1994, with 
permission.) 


The rule of ten says that after the passage of ten 
radionuclide half-lives, the amount of a given radionuclide 
that remains is negligible. 


POPULATION PROTECTION ISSUES 


Evacuation and Sheltering 


Some debate exists as to what actions populations 
should take after an area is affected by a nuclear 
detonation. The English, for example, recommend that 
their population shelter-in-place, as they believe that the 
radiation dose will be lowered and the population will 
have reduced contact with less contaminated material. 
Americans recommend evacuation of an area, with the 
idea that they would be moving away from the area 
of contamination and therefore away from residual 
radiation. Actions may be dictated by the types of buildings 
the affected individual(s) currently occupy. Buildings 
provide significant protection, either a large number of 
high-rise buildings with subterranean floors or basements 
enclosed with concrete or other shielding materials, such 
as water or earth. 

Cold War evacuation plans were originally based on 
the premise that the USSR would launch a large number 
of 20-MT warheads, destroying residential structures for 
a 16-mile radius with an air burst. Even the air burst from 
a 1-MT warhead would destroy homes in a much smaller 
5-mi radius. Most contemporary scenarios presuppose 
much smaller yields, commonly 0.001 of the size, or in this 
case 1 kT. Therefore, evacuation would not be mandated 
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to avoid blast and fire effects in smaller yield scenarios. 
Table 33-10 demonstrates the effect radii of various yields 
ranging from 0.5 kT to 1 MT. 

Next, one should consider high-risk areas, which are 
characterized as those areas that would accumulate doses 
in the range of 50 to 100 Gy (5,000 to 10,000 rads) over 
2 weeks. Survival in these areas is not possible unless 
one stays in a well-shielded shelter (one with a protection 
factor of 100 to 200) during the 2 weeks. 

One author suggests that persons living more than 10 
mi away from a target could best improve their chances of 
survival by improving existing sheltering in or near their 
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FIGURE 33-19. Nomogram for the de- 

termination of zone I. (From Depart- 

ment of the Army. Army field manual 

FM 3-3-1, Nuclear contamination avoid- 

ance. Washington, DC: Department of 
—| 494 ,7 the Army, September 9, 1994, with per- 
Yield mission.) 


) TABLE 33-10 Comparison of Nuclear Yields versus 
Effect Radii 


Radius (m) at Yield 


Effect 0.5 KT 10kT 100kT 1,000 kT 
6 psi 380m 1000m 2,200m 4,600 m 
Second-degree burns 580m 2,100m 5,500m 14,500 m 
500 rads 700m = 1.200m 1,/700m 2,400 m 


Abbreviation: psi, pounds per square inch. 

From Armed Forces Radiobiology Research Institute. Medical effects of 
nuclear weapons: blast and thermal effects. Lecture. Raston, VA: Armed 
Forces Radiobiology Research Institutes, 1990, with permission. 
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) TABLE 33-11 Evacuation Decision Factors 


Favorable to Evacuation 


Lives in the highest-risk area or a high-risk area 


Has transportation (a car with enough gasoline); roads to a 
considerably lower-risk area are open 

In fairly good health or can evacuate with someone capable of 
taking care of the individual 

Community does not depend on the individual's occupation (i.e., not 
a policeman, fireman, or telephone operator) 

Some tools with which to build or improve a fallout shelter are 
available; has water containers, food, clothing, and so on that are 
adequate for life in the area to which the individual would go 


Unfavorable to Evacuation 


Lives outside the highest-risk area or a high-risk area; could build 
an expedient fallout shelter and make other survival 
preparations in this location 

No means of transportation; believes that roads are likely to be 
blocked by the time the decision is made to leave 

Sick, decrepit, or lacks the will to survive if things get tough 


The individual cannot suddenly leave his or her home area for 
several days without affecting others negatively 

Lacks the tools and so on that would be helpful—but not 
necessarily essential—in successful evacuation 


Copyright 1986 by Cresson H. Kearny. The copyrighted material may be reproduced without obtaining permission from 
anyone provided that (a) all copyrighted material is reproduced full-scale (except for microfiche reproductions) and 


that (b) this copyright notice is printed along with the copyrighted material. 


homes. He provides a table to assist individuals in making 
a decision (36) (Table 33-11). 


Shelters 


Unfortunately, older buildings previously designated as 
fallout shelters have since had their placards, equipment, 
and supplies removed. Nonetheless, these buildings would 
still be useful in protecting the public from blast and 


Possible fallout protection factors (FPFs) 
at the locations indicated by the dots 
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FIGURE 33-20. Comparison of structures and fallout protec- 
tion factors (FPFs). Deep basements and buried shelters have 
high FPFs (1,000 and above). They provide good protection 
against gamma radiation from fallout. Tall buildings also pro- 
vide good protection against gamma radiation from fallout in 
the locations indicated by dots in the drawing, but they pro- 
vide little protection against blast. The FPFs indicated in the 
figure are for isolated buildings. The FPFs would be higher for 
ground level and below ground. (From Federal Emergency Man- 
agement Agency. Radiation safety in shelters. FEMA publication 
CPG 2-6.4. Washington, DC: Federal Emergency Management 
Agency, 1983:1-11, with permission.) 


radiation effects. Lists of older buildings as fallout shelters 
may still be available for new planning purposes. A local 
resurvey of buildings should be undertaken to determine 
which buildings might still be suitable for protection 
against blast and radiation effects, and a memorandum of 
understanding should be created to allow the building to 
serve as a public blast shelter in times of local emergency. 
Such shelters would not be needed to house people for long 
periods—only to protect from the immediate blast and 
radiation effects, unless they are located in the highest-risk 
area or a high-risk area. 

Well-shielded buildings are ideally multistory build- 
ings constructed of concrete and have an ample base- 
ment. Positioning people in a multistory structure with a 
concrete-roofed basement affords the greatest protection; 
protection, in fact, may be dramatically increased by a 
factor of 250 to 1,000 (Fig. 33-20) (37). If concrete struc- 
tures are not available, earth-bermed structures afford 
some protection. If detonation is anticipated, individuals 
can dig an earthen trench; this can reduce exposure sig- 
nificantly. Certain materials confer significant advantages 
in protection, as Table 33-12 illustrates. Residential build- 
ings with a basement provide much less protection, as 
they offer only a single digit factor of protection. 


Decontamination 


In the event of a nuclear detonation, timely removal 
of the fallout dust from victims will be of utmost 
importance. Removal of fallout will prevent beta burns 
that, when combined with systemic irradiation, could 
cause a dramatical increase in morbidity and mortality. 
Removal of fallout will also lessen the chances of 
radioiodine uptake, which could eventually impair thyroid 
function and create an increased risk for developing 
thyroid cancer later in life. Individuals caught within a 
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) TABLE 33-12 Various Materials and Their Effectiveness as Barriers against Gamma 


Radiation from Fallout 


Material" Density Relative to Concrete’ Thickness Required Relative to Concrete 
Aluminum 1.2 0.8 
Brick, common clay 0.7 1.4 
Concrete 1.0 1.0 
Earth (well-packed moist humus, dry clay) 0.7 1.4 
Firebrick (used in fireplaces) 0.9 1.1 
Glass 1.1 0.9 
Hardwood (maple or oak) 0.3 3.3 
Human body 0.4 2.5 
Lead 4.9 0.2 
Magazines, slick 0.4 2.5 
Newspaper (flat), books, or pulp magazines 0.3 3.0 
Plywood (dry) 0.2 5.0 
Steel 34 0.3 
Wallboard, gypsum 0.4 2.7 
Water 0.4 2.3 


a Materials with the highest densities require less thickness to cut down the gamma penetration by a given amount. 


b Concrete with density of 2.3 g/cm? (144 Ib/ft?) 


From Federal Emergency Management Agency. Radiation safety in shelters. FEMA publication CPG 2-6.4. Washington, 


DC: Federal Emergency Management Agency, 1983:1-11, with permission. 


fallout plume should be vigilant for the accumulation 
of fallout on their body and clothing. Fallout effects are 
fairly well known from the Castle Bravo 1954 nuclear 
testing at Bikini atoll, where 241 Marshallese islanders 
were inadvertently caught in the fallout pattern from a 
15-MT weapon. 

One of the more practical ways of decontamination of 
mass casualties in the emergency department is to perform 
dry decontamination using a commercial vacuum with a 
hose attachment and HEPA filter. The patient can shower 
at a later time. For additional information on external 
decontamination, see Chapter 26. 


Radiological Evaluation 


Hospitals should identify sources of health or medical 
physics expertise, along with radiation survey meters 
and other useful monitoring instruments. These health 
or medical physicists should be available in the event of a 
local radiation emergency. They should also be intimately 
involved in any radiation emergency plan. Contamination 
can spread over a wide area depending on weather 
conditions. Health physicists can place contamination 
hazards in perspective. Health physics support would 
initially consist of state radiological monitoring teams. 
A state may be able to raise ad hoc health physics teams if 
a volunteer organizational framework for this contingency 
has been set up. This volunteer organization may form and 
deploy in a manner similar to NDMS response elements 
if additional health physics support is desirable. The 
organization would nominally be a volunteer organization 
that would be activated by the state or federal government 


and would perform as a state or federal unit, once 
activated. Once health physicist support staff is organized, 
it could easily be incorporated for augmenting a state or 
national response. At the very least, local health physicist 
volunteers should be identified to assist and advice locally 
deployed federal response elements. In the planning phase, 
hospitals should take inventory of the health physics assets 
and equipment available. Health physics support should 
be recruited to maintain this equipment in the event of an 
emergency. Other health physics support services, such as 
analytical laboratories and whole-body counters, should 
be identified by the retained health physicists. 


Health Physics Laboratories 


Within a given response area, identifying health physics 
laboratories and formulating memorandums of under- 
standing with response agencies are essential if one is to 
obtain rapid health physics assays on an emergent, ur- 
gent, and follow-up basis. Assays for certain radionuclides 
may require special set-up time because these assays may 
not be performed on a regular basis. Some health physics 
laboratories may not normally be ready to handle human 
excreta specimens. In the event of a nuclear detonation 
event, laboratories outside a projected impact area will 
need to be identified as alternate laboratory resources. 


Whole-Body Counters 


These nonportable detectors, which are somewhat scarce, 
should also be named and located in the process of 
developing radiation response plans. Whole-body counters 
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are capable of detecting minute amounts of internal 
contamination if the subject has already been externally 
decontaminated. They would also be useful in the follow- 
up of contaminated patients. 


Dosimetry Estimates 


Chapter 26 discusses dosimetry laboratory capabilities 
more completely. In summary, neutron dose can be deter- 
mined by determining the amount of 5?Na that has been 
activated in the body. Measurements of surrounding ob- 
jects, metal in particular, may be useful in corroborating 
the dose estimates. Hiroshima and Nagasaki survivors had 
dose estimates derived from the source term (yield) of the 
weapon, the distance from ground zero, and the amount of 
shielding present at the time of detonation. Surface detona- 
tions will have the additional factor of fallout to consider. 


Body Disposal Issues 


The National Council for Radiation and Protection and 
Measurements Report No. 37 contains guidelines for 
working with contaminated bodies. It establishes limits on 
radiation exposure, primarily for the purpose of protecting 
embalmers and pathologists. Concern for radioactive body 
disposal is limited to cremation and the prevention of 
significant radiation levels accumulating in crematoria. 
Any discrete radiation sources found on corpses should be 
removed before disposal, if possible (38). No other known 
radiation criteria exist for the burial of bodies containing 
radioactivity. 


NATIONAL DISASTER MEDICAL 
SYSTEM'S HOSPITAL SYSTEM 
ACTIVATION 


A nuclear detonation involving either a tactical (kT) or 
strategic (MT) yield will overwhelm local medical re- 
sources. Survival of victims may be enhanced dramatically 
if systemically irradiated individuals receive supportive 
care; therefore, hospitalization resources are key in the 
event of a nuclear detonation involving a large number of 
casualties. NDMS recruits hospitals to ensure availability 
of beds in the event of a disaster that overwhelms local 
medical resources. Activating the NDMS’s nationwide hos- 
pital system may be an important option for consideration 
(see Chapter 13). Concomitant with NDMS’s hospital ac- 
tivation would be the on-site formation of a large system 
of casualty staging and transport, including a plan for 
addressing the heavy logistical needs. 


National Response Sequence 


The Federal Radiological Emergency Response Plan, 
a document closely related to the Federal Response 


Plan, is the guiding national document for interagency 
cooperation. The plan establishes a lead federal agency 
of the Department of Energy, the Nuclear Regulatory 
Commission, the Environmental Protection Agency, the 
Department of Defense, or the National Aeronautics 
and Space Administration, depending on which agency 
has the most initial involvement and ownership of a 
given event. If evidence indicates criminal or terrorist 
acts, the Federal Bureau of Investigation (FBI) is legally 
responsible for locating any nuclear material, weapons, or 
devices and restoring the nuclear facilities to their rightful 
custodians; it enjoys a special position in the response in 
which all other agencies are pledged to support the FBI 
fully in its mission, as needed. The lead federal agency 
leads and coordinates all federal on-scene actions and 
assists state and local governments. FEMA coordinates 
nonradiological support using the Federal Response Plan 
document. The other 15 agencies mentioned in the Federal 
Radiological Emergency Response Plan have potential for 
defined missions in support of the lead federal agency (see 
Chapter 13). 


SUMMARY 


Disaster planning for a nuclear detonation scenario may 
seem a daunting task at first; however, considering the 
fact that both terrorist organizations and rogue states pe- 
riodically attempt to attain nuclear capability, such an 
undertaking is prudent. Nationally, federal agencies plan 
and practice for this scenario occasionally. The combi- 
nation of nearly forgotten information on civil defense 
planning and state-of-the-art knowledge of radiation acci- 
dent and trauma management forms an important body 
of knowledge for civilian disaster planners. 

The terrorist attacks of September 11, 2001, and 
subsequent terrorist attacks and threats have brought 
the possibility of nuclear terrorism to a new level of 
reality. A realistic consideration of the entire spectrum 
of terrorist scenarios and new initiatives for mitigation 
and response must be completed and applied to defend 
all civilized societies of the world. Lack of foresight and 
continued complacency will leave the United States and 
the civilized world flat-footed in the event of a future 
attack. Nuclear terrorism is not a matter of if but rather 
of when. 
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EMERGENCY CONTACT INFORMATION 


Phone number 
(202) 586-8100 


Organization 

Department of Energy 
Emergency Operations 
Center (DOE EOC) 

Nuclear Regulatory 
Commission 

Federal Emergency 
Management Agency 
(FEMA) 

Environmental Protection 
Agency 

National Response Center 


(301) 816-5100 (NRC) 


(202) 586-8100 


(800) 424-8802 (EPA) 


(800) 424-8802 
(national) 


District of Columbia (202) 267-2675 


Military Shipments, (703) 697-0218 
Department of Defense 
(DoD) 

CHEMTEL (800) 255-3924 


Chemical Transportation (800) 424-9300 
Emergency Center 
(CHEMTREC) 

District of Columbia 

Outside the Continental 

United States 

Joint Nuclear Accident 
Coordinating Center 

Albuquerque, NM 

Alexandria, VA 


(202) 483-7616 
(703) 527-3887 


(505) 845-4667 
(703) 325-2102 
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Intentional Chemical Disasters 


Mark Edward Keim and Jonathan L. Burstein 


An intentional chemical disaster (ICD) is defined as the 
intentional release or spill of a toxic chemical that results 
in an abrupt and serious disruption of the functioning 
of a society, causing widespread human, material, or 
environmental losses that exceed the ability of the 
affected society to cope using only its own resources. 
This definition would include the consequences resulting 
from chemical warfare, chemical terrorism, and industrial 
sabotage. 


CHEMICAL DISASTERS: 
UNINTENTIONAL VERSUS 
INTENTIONAL 


Incidents involving either the slow or explosive release 
of chemicals are common. From 1988 to 1992, more 
than 34,000 chemical release events were reported in 
the United States (1). Most of these incidents did not 
cause mass casualties. However, some rare events do 
have the potential to cause serious harm on a mass 
scale. The Bhopal disaster in India killed more than 2,500 
persons and affected an additional 200,000 (2). In 1984, 
a fuel truck crash in the Salang Tunnel in Afghanistan 
killed 2,700 persons. In 1947, a shipload of ammonium 
nitrate fertilizer exploded in Texas City, Texas, killing 576 
persons (3). 

Both ICDs and unintentional industrial disasters tend 
to receive significant international media attention and 
publicity. The public tends to judge all technological 
hazards more harshly than natural hazards of a similar 
magnitude, and it views them with a heightened con- 
cern and perception of risk (3,4). In the public eye, these 
categories of technological catastrophes no longer rep- 
resent localized emergencies, but they are “trends that 
unravel the very fabric of existing organized systems” (5). 
These events change the very nature of response actions 
as responders are no longer performing a well-rehearsed 
technical or logistical procedure. Assessments become less 
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certain and older forms of intelligence gathering become 
obsolete. Decision making becomes less centralized and 
more interdependent, and it may be influenced by both 
local and distant theaters of operation. Responders are 
forced to act in a collective and integrated manner within 
a nonconventional network, the leaders of which are also 
unfamiliar with catastrophic breakdown phenomena of 
this nature. Any event involving an ICD is likely to in- 
volve both traditional and nontraditional responders, as 
the scope of the incident extends beyond traditional roles 
and responsibilities. Such events would possibly involve 
the participation of responders acting at both local and 
national levels (Table 34-1). 

ICDs involving the use of commercial or industrial 
chemical agents have the potential to cause a major 
public health disaster that is highly comparable to that 
of known military agents. In some cases, industrial agents 
are more likely to be used as a weapon of choice by 
terrorists. Their ease of availability, toxicity, and low cost 
make these toxic chemicals attractive to the potential 
terrorist. Therefore, although the focus may, at times, 
appear to be placed inordinately on the consequence 
management of terrorism involving military agents, such 
as that for vesicants or nerve agents, chemical terrorism 
may actually have a greater potential to occur in the form 
of a toxic chemical spill or release involving industrial 
or commercial products (6). In that sense, the prevention 
and control measures for ICDs align quite closely with 
those for catastrophic industrial disasters. In effect, the 
main difference between industrial disasters and those 
of chemical sabotage, warfare, and terrorism may only 
be the distinction of malicious intent. Therefore, efforts 
to enhance hazardous materials (HazMat) preparedness 
and response activities for the most common chemical 
emergencies will also serve to prepare better for terrorist 
events. Conversely, consequence management focused 
on chemical terrorism should have the added value of 
building a capacity for responding to the common HazMat 
emergencies and rare catastrophic chemical disasters. 
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) TABLE 34-1 Examples of Traditional and Nontraditional Emergeney Responders 


Traditional Emergency Response 


Bystanders 

EMS and the 911 activation system 

Police 

Fire and rescue 

Public and private hazardous material response teams 
Emergency departments 

Regional poison control centers 


Nontraditional Emergency Response 


Medical and environmental laboratories 

Public health departments 

Metropolitan medical response system 

Outpatient clinics and hospitals 

Mass transit and port authorities 

Military and National Guard, Coast Guard 

Federal agencies, including FBI, FEMA, EPA, PHS, CDC, and DOE 


Abbreviation: EMS, emergency medical service; FBI, Federal Bureau of Investigation; FEMA, Federal Emergency 
Management Agency; EPA, Environmental Protection Act; PHS, public health service; CDC, Centers for Disease Control 


and Prevention; DOE, Department of Energy. 


DISASTER MEDICINE AND 
INTENTIONAL CHEMICAL DISASTERS 


Disaster medicine is “the science that seeks to address 
the adverse health and medical effects associated with 
disasters ... and (it) includes prevention, emergency 
response, and recovery needs of affected individuals and 
populations” (7). The science of disaster medicine is 
founded in multidisciplinary medical skills that bridge the 
curative and preventive spectrum of health care (8). In this 
sense, disaster medicine serves to combine the disciplines 
of clinical and public health promotion effectively, and it 
is not limited to the provision of emergency care. 

One defining characteristic of disaster medicine is that 
it involves the management of an extremely wide range 
of emergency health issues (Table 34-2). Consequence de- 
tection and management after an ICD event will probably 
also involve almost all of these interrelated issues. 


INTENTIONAL CHEMICAL DISASTERS: 
HISTORICAL PERSPECTIVE 


Numerous examples of ICDs can be found throughout his- 
tory. Toxic chemicals were reportedly used by the ancient 
Chinese and the Greeks. Chemical weapons were also used 
during the Boer War, the Russo-Japanese War, and World 
War I. Of the 26 million casualties suffered in World War I, 


nearly 1 million were chemical-related (9). Of the total 
272,000 US casualties, 72,000 (26%) were chemical casu- 
alties (9). During World War II, Japan and Italy both used 
chemical warfare agents. The United States Army is known 
to have used defoliants and nonlethal riot control agents 
during the Vietnam War. In 1963, Egypt used riot control, 
mustard gas, and nerve agents against royalists during the 
Yemen civil war. The Soviet Union used mustard gas and 
nerve agents during the Afghanistan War throughout the 
1980s. During the Iran-Iraq War, the United Nations was 
able to verify that Iran used mustard gas, lewisite, and 
nerve agents against the Iranian troops. Roughly 5% of 
the Iranian casualties were due to chemical agents (10). 
Reports exist of Iraq using chemical agents against its 
Kurd minority. Libya is reported to have used chemical 
weapons that it obtained from Iran during an invasion 
of Chad. Reports have also been made of Cuban-backed 
Angolan forces using nerve agents against rebel forces (9). 

Ironically, during the Persian Gulf War, persons were 
adversely affected as a result of personal protection 
measures, and not as a result of chemical attack (11-13). 
However, the Iraqis were responsible for causing a large 
ICD in 1991 by setting a multitude of oil wells on fire in 
Kuwait (14). In 1994, an act of terrorism had the potential 
to become an ICD when the Japanese religious cult Aum 
Shinrikyo released sarin nerve agent in a residential area 
of Matsumoto, Japan. This event killed 7 and injured 500. 
The same terrorist group struck again during 1995 in the 


) TABLE 34-2 Emergency Health Issues Related to Disaster Management 


Injury prevention and control 

Health information systems 
Epidemiology 

Occupational health 

Mass shelter and displaced populations 
Civilian—military coordination 
Environmental health 

Population protection measures 
Disease control 


Prehospital care and emergency medical services 
Emergency medicine 

Toxicology 

Hazardous material emergency response 
Mass-casualty management and triage 
Field-based logistics and communications 
Incident command systems 

Traumatology and resuscitation 

Mental health 
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) TABLE 34-3 Elements of Consequence Detection 
and Management for intentional Chemical 


Disasters 


Consequences 


Cases (or casualties) 
Incidents (or release) 


now infamous Tokyo subway sarin attack that killed 12 
and affected more than 5,000 (15). However, the incident 
did not result in a serious disruption of the functioning of 
the Japanese society. Nor did it cause widespread human, 
material, or environmental losses that exceeded the ability 
of the affected society to cope using only its own resources. 
Therefore, in this sense, the Tokyo subway event could not 
be considered an ICD. 

Fortunately, the potential ICD events after World War I 
have not generated the number of mass fatalities con- 
sistent with chemical disasters associated with industrial 
releases, such as the thousands killed at Bhopal. However, 
this does not mean that such an attack does not have the 
potential to harm hundreds, if not thousands, of victims. 
Were miscalculation and lack of experience not part of 
chemical terrorist attacks in the past, many more casual- 
ties and deaths would likely have occurred. For example, 
in the 1995 Tokyo subway attack, an impure preparation 
of sarin was used as part of a crude binary weapon and 
was not effectively aerosolized. The perpetrators also un- 
derestimated the air exchange capabilities of the subway 
system. As a result, a multisource attack on a target cohort 
of 80,000 commuters resulted in only 12 deaths. Although 
5,510 sought treatment, only 17 were actually considered 
critical (i.e., requiring ventilatory support), 37 were di- 
agnosed as severe (i.e., exhibiting nausea, vomiting, or 
dyspnea), and 984 had complaints limited to eye involve- 
ment (symptoms that were consistent with miosis) (15). 

During the 1996 Olympic Games in Atlanta, consider- 
able efforts were taken to prepare against terrorist attacks 


Detection 


Case detection 
Incident detection 


Management 


Case management 
Incident management 


that could have included chemical weapons. Within hours 
of an explosion of a pipe bomb in Atlanta’s Olympic Cen- 
tennial Park, samples were collected from near the bomb 
crater and sent to an analytical laboratory at the Centers 
for Disease Control and Prevention to be screened for the 
presence of chemical and biological warfare agents. The 
laboratory and the associated response system, compris- 
ing the Science and Technology Center (16), were based 
at the National Center for Environmental Health and 
were specifically created to form a broad multiagency 
partnership among federal assets. This Federal Bureau of 
Investigation (FBI)-led federal effort sought to enhance the 
capability of the United States to respond rapidly to chemi- 
cal or biological terrorism. The Atlanta experience marked 
one of the first times when a domestic bomb was rapidly 
screened for these agents of mass destruction. This part- 
nership effectively and urgently filled a void in the national 
analytical and response capacities, and it became a pro- 
totype for the future development of national-level crisis 
and consequence management involving terrorism (17). 


DETECTION AND MANAGEMENT 
OF THE CONSEQUENCES OF 
INTENTIONAL CHEMICAL DISASTERS 


Detection and management are two critical functions 
served by emergency responders after an ICD event. 
Responders will have urgent and complex informational 
needs regarding consequence management, a term defined 


) TABLE 34-4 Disaster Medicine Activities Related to Consequence Detection 


Activity Case Detection 

Intelligence Preincident intelligence 
Medical education 

Testing Point-of-care assays 
Clinical laboratory tests 

Monitoring Health information systems 
Passive and active surveillance 
Case definition 

Diagnosis Clinical examination 


Laboratory evaluation 


Incident Detection 


Preincident intelligence 

Hazard awareness and recognition 

Hazard identification 

Boundary demarcation 

Exposure assessment 

Laboratory reporting 

Environmental monitoring 

Hazardous substance emergency event surveillance system 


Epidemiological assessment 
Scene assessment 
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by the Presidential Decision Directive 39 released on Tune 
21, 1995. Conversely, responders on the scene will provide 
a valuable resource to off-site governmental and national 
security decision makers for information and intelligence 
regarding consequence detection (18). 

Consequences of particular relevance to disaster 
medicine include the environmental release or exposure 
incident and any resultant casualties or patient cases (18) 
(Table 34-3). 


Consequence Detection 


Early detection of the consequences of ICDs may be 
expected to result from the local discovery of the en- 
vironmental release or exposure incident event or the 
diagnosis of the resultant patient cases. Among other ac- 
tivities detailed in Table 34-4, responders may provide 
critical on-scene assessments and patient examinations 
that distant consultants are unable to perform in a timely 
manner. They may supply an informal passive surveillance 
system and serve as nationwide monitors in reporting po- 
tential events in a manner that is timely enough to allow 
for rapid intervention (Table 34-4). Consequence detec- 
tion after an event may also be facilitated by advance 
warning from preincident intelligence that serves to alert 
responders to watch out for subsequent cases or incidents. 


Consequence Management 


To manage effectively the complex and rare incidents and 
casualties that may occur as a consequence of an ICD, 


responders require expert consultation and informational 
support. These informational needs regarding case man- 
agement will likely include diagnostic and treatment 
modalities. Questions involving incident management will 
generally be focused on assessment and control of the 
complex chemical release scene itself. Incident manage- 
ment response actions are expected to be, to a large extent, 
scenario-dependent according to the particular agent and 
the degree of warning. Informational needs regarding case 
management might include, but would not remain limited 
to, issues of case-control and casualty care (Table 34-5). 


PREVENTION AND CONTROL 
MEASURES 


Risk Management for Intentional 
Chemical Disasters 


Risk assessment is a systematic process for quantifying 
the likelihood of adverse health effects in a population 
following exposure to a specified hazard. Risk manage- 
ment is the process of selecting and implementing preven- 
tion and control measures to achieve an acceptable level 
of the risk at an acceptable cost. In contrast to risk avoid- 
ance, which seeks to counter all possible vulnerabilities, 
risk management weighs the risk of loss against the cost 
of control measures. As one author stated, “to narrow the 
scope of the problem, civil defenses against chemical and 
biological terrorism should be based on most likely rather 
than worst-case scenarios” (19). While risk avoidance re- 
sponds to threats on the basis of the worst-case scenario, 


) TABLE 34-5 Disaster Medicine Activities Related to Consequence Management 


Activity Case Management 


Command and communication Disaster plan implementation 
Prehospital medical direction 
Hospital emergency protocols 
Redundant communication 
Personal protective equipment 
Patient and staff decontamination 
EMS and ED treatment protocols 
Mortuary science 

Occupational health 

Critical incident stress debriefing 
Isolation 

Toxicology 

Traumatology 

Resuscitology 


Prevention and control 


WMD effects 


Terrorism and forensics Terrorist intelligence 
Chain-of-evidence preservation 


Forensic pathology 


Incident Management 


Incident command systems 
HazMat site control 
Methods of mutual aid 


Warning and risk communication 

Public service announcements 
Population protection measures 

Site decontamination and effluent control 
Crowd control 

Mass shelter 


Infrastructure assessment 
Environmental health 
Communications 

Population health assessment 
Terrorist intelligence 

Crime scene preservation 


Abbreviation: HazMat, hazardous materials; EMS, emergency medical service; ED, emergency department; WMD, 


weapons of mass destruction. 
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) TABLE 34-6 Elements of Analytical Risk Management 


Process 


İmpact assessment 
Asset assessment 
Loss assessment 

Threat characterization 
Hazard identification 


Adversary intent 
Adversary capability 
Adversary history 
Vulnerability analysis 
Potential vulnerabilities 
Existing countermeasures 


Countermeasure determination 
Prevention 


Control 


Cost—benefit analysis 


Activities 


Determining critical assets (i.e., a population) 
Identifying undesirable events and expected losses or damages 
Prioritizing assets based on the consequence of loss 


Identifying indications, circumstances, or events with the potential to cause the loss of or damage to an 
asset 

Assessing the intent and motivation of each adversary 

Evaluating the capabilities of each adversary 

Determining the frequency of past events 

Estimating the relative threat to each critical asset 

Identifying potential weaknesses that may be exploited by an adversary to gain access to an asset 

Recognizing existing countermeasures and their level of effectiveness, which may then be used to reduce 
vulnerability 


Estimating the degree of vulnerability to each asset and threat 

Identifying potential actions that may be taken or physical entities that can be used to eliminate or to 
lessen one or more vulnerabilities 

Identifying costs and benefits of countermeasures 


Conducting cost-benefit and trade-off analyses 


Prioritizing options 
Risk communication 


risk management alternatively attaches a systematic prior- 
itization of risk, thereby identifying the most likely events, 
and then calibrates an associated cost-benefit analysis to 
guide any resultant prevention and control measures. 

Risk management is composed of the following three 
main elements: risk assessment, cost-benefit analysis, and 
risk communication. The components of analytical risk 
assessment related to ICD include asset and loss impact 
assessment, threat assessment, and vulnerability analysis 
(Table 34-6). In the case of an ICD, the public health 
approach is also closely associated with security decision 
making. Within the context of an event involving a poten- 
tial adversary, the hazard identification for conventional 
environmental risk management is instead replaced by 
the more comprehensive process of threat characteriza- 
tion. This process not only includes an identification of 
the specific chemical hazards but also involves the charac- 
terization of potential perpetrators or adversaries in terms 
of their intent, technical capability, and history. 

Each of the key elements of a risk assessment—impact, 
threat, and vulnerability—is ranked in a graduated system 
of numerical priority. Risk is quantified according to 
descriptive and integral parameters and calculated as a 
function of impact, threat, and vulnerability. The formula 
for risk assessment is as follows: 


Risk = (Impact x threat x vulnerability) 


Therefore, preexisting public health system and infras- 
tructure are recognized as prerequisites for subsequent 
countermeasures in the form of prevention and control. 


Preparing a range of recommendations for decision makers and/or the public 


To date, no federal agency has publicly released an 
assessment of the environmental risk of US cities based 
on intelligence assessments, critical infrastructure points, 
national symbols, future special events, sensitive govern- 
ment or corporate activities, or similar analyses and data 
to help evaluate cities’ key assets and vulnerabilities as 
related to ICDs. 

An April 1998 Government Accounting Office (GAO) 
report highlighted a model for threat and risk assessment, 
which has diverse applications and does not require a 
point source, perfect intelligence data, or preattack indi- 
cators. In addition, Presidential Decision Directive 62 has 
also recommended that threat and risk assessments be per- 
formed on nonpoint targets, such as telecommunications, 
banking, and finance infrastructures (20). 

The remedial action or medical response to an ICD is 
highly dependent on details that may be discovered in the 
threat or risk assessment. Geography, population density, 
infrastructure points, and sensitive government and cor- 
porate facilities may also influence impact, threat, and 
vulnerability. Assessments that include these factors are 
conducive to preparedness and awareness. Baseline risk 
assessment also facilitates the postevent application of ex- 
posure modeling systems if an intentional release occurs. 

The GAO estimates that approximately 2 weeks per city 
would be required to conduct a risk assessment and deter- 
mine a prudent and affordable level of response capability. 
The report states that “rational, businesslike, collaborative 
assessment by city, state, and federal representatives can 
help determine the appropriate minimum requirements 
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for preparedness, given the threats, risks, and vulnerabil- 
ities for that city” (21). For this reason, any organized 
preparedness effort, including stockpiling, and education 
or planning should be based as firmly as possible within 
the scientific methodology of analytical risk management. 


Hazard Identification 


Conventional environmental heath risk assessment begins 
with the process of hazard identification, which attempts 
to determine what release events are likely to occur 
in a specific region or environment. In the case of 
unintentional chemical release incidents, the objective 
is to identify all chemical products within a specific 
location that may pose a potential health hazard. However, 
significant difficulties exist in identifying the chemical(s) 
an adversary or perpetrator may choose to use during an 
attack. 

Literally thousands of hazardous chemicals are cur- 
rently available to the general public, and more than 600 
new chemical substances become commercially available 
each month (22). In addition to the large number of haz- 
ardous chemicals that are readily available to the potential 
enemy, terrorist, or saboteur, numerous other variables 
may influence the threat agent selection. Some of these 
variables include the availability of the agent, the ease 
of production, lethality, its stability in storage, the cost, 
handling safety for the perpetrator, public risk perception, 
the ease of delivery or weaponization, and stability in a 
deliverable state. 

Outside of the known military agents, a variety of 
industrial chemicals may have the potential to cause 
adverse health effects. The widespread knowledge of these 
toxicities along with a comparative ease of availability and 
weaponization may influence terrorists to select industrial 
chemicals as potential weapon agents. Current hazard 
assessments are variable depending on the source. The law 
enforcement and intelligence communities have reported 
a growing interest in weapons of mass destruction (WMD) 
used by groups and rogue nations of concern. The GAO 
states that the intelligence community has “concluded that 
explosives or other conventional weapons will continue to 
be the most likely form of terrorist attack over the next 
decade” (21). The Chemical and Biological Arms Control 
Institute ranks the intentional releases of industrial 
chemicals as a relatively higher likelihood when compared 
with other more exotic agents used in WMD (6). 

Despite the enormous challenge presented by the need 
for identification and prioritization of chemical hazards 
that may be used by terrorists, certain generalizations may 
be made to simplify disaster medical preparedness and 
planning. Toxic chemicals may be categorized by known 
health effects. Those hyperacute effects then become 
pertinent, relative to guidance during emergency case 
and incident management. To ease case and incident 


) TABLE 34-7 Toxic Chemicals Categorized 
by General Health Effects 


Metals and metallic compounds 
Incendiaries 

Irritant gases 
Asphyxiant gases 
Metabolic asphyxiants 
Radiological agents 
Teratogens 
Corrosives 

Explosives 

Oxidizers 
Pharmaceuticals 
Carcinogens 
Pesticides 


management, the broad variety of hazardous chemicals 
may be divided into 13 basic categories (Table 34-7). 

Despite the publication of operational handbooks and 
educational programs focusing on antidote therapy, very 
few antidotes for the treatment of toxic chemical poison- 
ing exist as compared with the extremely large number of 
agents that may be used as a WMD. In addition, specific 
antidotes exist for only a few of the military agents, and a 
mere handful of therapies are available for all the indus- 
trial and commercial chemicals. Table 34-8 contains a par- 
tial list of the broadly available antidote therapies. These 
antidotes in the past had been stocked in an extremely lim- 
ited supply in most ambulances and hospitals (23). In the 
last few years, much research has been done on reformula- 
tion and rapid use of nerve agent antidotes from stockpiled 
forms (24-26). Several proposals have been made for spe- 
cific stockpile medications and quantities for both nerve 
agent and cyanide treatment (27,28). 

It is important to keep in mind, however, that outside of 
this very limited number of antidote therapies, the medical 
management of nearly all toxic chemical exposures mostly 
involves supportive therapy. Even if an antidote may 
be available for a particular exposure, many times the 
clinician may not be able to identify the offending agent 
in sufficient time to guide the therapy effectively. Even 
if an accurate and rapid clinical diagnosis can be made, 
treatment may not become available in sufficient time to 
be efficacious, especially in cases involving a nerve agent or 
cyanide poisoning (29). The demand for medical resources 
may then be expected to involve mainly critical care and 
supportive therapeutics; this is commonly described as 
“surge capacity” in current mass-casualty discussions. 

Therefore, the hyperacute health effects of a broad va- 
riety of hazardous chemicals, as categorized in Table 34-7, 
may actually be expected to invoke demands for medical 
resources that address a quite narrow range of medical 
conditions. Table 34-9 represents four main basic med- 
ical conditions that may be expected to occur as major 
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) TABLE 34-8 Examples of Chemical Agents that Have Specific Antidotes 


Chemical Agent 


Military agents 
Nerve agents 
Cyanide 
Lewisite 
Industrial and commercial agents 
Heavy metals 
Hydrofluoric acid 
Aniline 
Pharmaceutical agents 


short-term sequela following severe exposures to any of 
these chemical hazards. It also identifies eight categories 
of emergency medical therapeutics that are necessary to 
treat these four syndrome complexes. 


Threat Assessment 


ICDs are unique in comparison with other technological 
catastrophes, as an ICD is defined by the implication 
of a willful and malicious intent. In this regard, the 
disaster management cycle is markedly influenced by 
the perpetrator of the event. The characteristics of the 
perpetrator must be taken into consideration as part of the 
broad range of public health efforts involving prevention, 
mitigation, preparedness, response, and recovery. 

These characteristics of the intentional perpetrator 
are not a traditional component of most methods for 
environmental health hazard identification. The process, 
as it applies to malicious intent, must also incorporate 
a new component. This component, known as threat 
assessment, is an integral part of security decision 
making that is consistent with that performed by the 
intelligence community. Threat assessment is not limited 


Antidote 


Penicillamine 

Calcium gluconate 

Methylene blue 

Naloxone, N-acetylcysteine, flumazanil 


Atropine, pralidoxime 
Amyl nitrite, sodium thiosulfate, sodium nitrite, cyanocobalamin 
British antilewisite and/or dimercaprol 


to the identification of a chemical hazard, but also 
extends to the characteristics and behavior of potential 
adversaries or perpetrators of ICDs. Threat is measured 
as a function of an adversary’s intent, capability to act, 
and history of actions. Intent may be quantified in terms 
of understanding the goals and strategies of a potential 
perpetrator of ICDs. For this reason, disaster planners and 
managers must have a basic awareness of the methods 
used to typify a threat assessment as applied to ICDs. 
These principles may then guide disaster management 
through the consideration of the particular traits that 
define these persons as a potential hazard to public 
health. 

The intent of the adversary may vary according to 
circumstance. Goals of a state-sponsored war enemy may 
include promotion of any of the political, economic, 
military, ethnic, or religious agenda defined by national 
leaders. Industrial saboteurs may act with the goal of 
revenge, self-promotion, or excitement. In addition to 
those goals of state-sponsored warfare, terrorists may seek 
to force political change or gain publicity for a cause. As 
Thomas Ditzler so aptly stated, “Terrorism may be the only 
form of assault named for the psychic state it is intended 


) TABLE 34-9 Emergency Medical Conditions and Needs Associated with Chemical 


Exposures 


Syndrome and Causative Agents 


Burns and trauma—corrosives, vesicants, explosives, oxidants, incendiaries, radiologicals 


Respiratory failure —corrosives, military agents, explosives, oxidants, incendiaries, asphyxiants, 


irritants, pharmaceutical agents, metals 


Cardiovascular shock— military agents, pesticides, asphyxiants, pharmaceutical agents 


Neurological toxicity —military agents, pesticides, pharmaceutical agents, radiological agents 


Medical Therapeutic Needs 


Intravenous fluid and supplies 
Pain medications 

Pulmonary products 

Splints and bandages 
Pulmonary products 
Ventilators and supplies 
Antidotes, if available 
Tranquilizing medications 
Intravenous fluid and supplies 
Cardiovascular products 
Antidotes, if available 
Antidotes, if available 
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to create.” In this sense, understanding the psychological 
component of terrorism is important. Terrorists have 
been known to perform in accordance within the basic 
principles of psychological operations. Knowledge of 
these principles can allow disaster managers to minimize 
vulnerabilities and to maximize prevention and control 
measures that are more specific to the risk of terrorism. 
This may be difficult as marked differences might separate 
the conceptual framework of the society from that of 
the terrorist. Contrary to popular thought, terrorists are 
not “mad bombers” without method or reason. Instead, 
they, as a whole, have normal personality distribution 
and, for the most part, an above-average intelligence. 
Therefore, when compared with the normal population, 
psychological pathology does not appear more prevalent 
among this group. The intent of these persons to commit 
mass casualties is no more pathological than the patriotic 
intent of a soldier motivated by nationalism, religion, 
or ethnicity. These groups endeavor to market their 
views through a highly methodical process of impression 
management. The final goal is not necessarily that of mass 
casualties but that of fear. This is best depicted in the 
ancient Chinese saying, “Kill one; frighten 10,000” (6). 
Predicting that chemical attacks resulting in mass 
destruction are now inevitable may seem easy enough. 
However, accurate threat assessments may reveal that, 
although ICDs are possible, they are not necessarily 
probable (6). While some may view the Aum Shinrikyo 
subway incident as a watershed event for future attacks, 
one must remember the negative effect that this event 
had upon the ongoing functionality and survival of the 
sect itself. Government retaliation and the revulsion of 
the Japanese public were strong enough to nullify group 
leadership and threaten the entire campaign objective. So, 


as this example illustrates, many complex factors balance 
the threat of an ICD, some of which may serve to facilitate 
the likelihood of an ICD and some that may lessen its 
possibility. In recent years, a lack of technical capacity 
has not been the sole barrier restricting the use of ICDs. 
This dynamic has also been balanced by other concerns 
involving factors of self-preservation, morality, politics, 
and historical precedent (Table 34-10). 

Formal threat assessments should include an analysis 
of these and other factors that may influence the overall 
risk of an ICD. The Chemical and Biological Arms Control 
Institute has offered the following set of predictions: 
(a) future terrorists are more likely to threaten to use 
chemical and biological agents than to use them; (b) the 
use of chemicals will prove more prevalent than the use 
of biological agents; (c) small-scale attacks are more 
likely than large-scale attacks; (d) industrial chemicals 
are more likely to be used than military chemicals; 
(e) crude dispersal in enclosed areas is the most likely 
form of attack; (f) future incidents involving chemical and 
biological substances may occur, but these are not going 
to be commonplace (6). 


Vulnerability Assessment 


Vulnerabilities are any action, circumstance, or event with 
the potential to cause the loss of or damage to an as- 
set. They are any weakness that can be exploited by 
an adversary to gain access to an asset. Vulnerabilities 
to ICDs can result from population demographics, geo- 
graphical location, behavior, sheltering and building use, 
operational practices, and occupation. Human vulnera- 
bility includes areas involving emotional, psychological, 
behavioral, and security issues. In most cases, a set of 


) TABLE 34-10 Factors Influencing the Likelihood of Intentional Chemical Disasters 


May Decrease Likelihood 


Majority of historical precedents tending towards conservatism and a 
calibrated level of violence 

Possibility of world revulsion, alienation of constituency, and loss of 
group cohesion 

May provoke massive retaliation 

Conventional weapons simpler, less expensive, and more predictable 
and flexible 

May sacrifice state deniability or anonymity 


Chemical weaponization problematic 

Terrorists perceive themselves as held to a higher moral standard 
than the targets 

Lack of safe haven states after intentional chemical disaster attack 


Lack of commensurate demands 
Weapons possibly turned against state sponsors, so states are less 
likely to provide such weapons to subnational groups 


May Increase Likelihood 
Large-scale and indiscriminate attacks becoming more frequent 


Racial supremacy, ethnic hatred, and religious fanaticism much 
less constituency-based 

High public dread and perception of risk regarding chemical agents 

Global diffusion of technology, so increased chemical weapon 
availability 

State-sponsored support with funding, intelligence, and command 
and technical expertise 

Purchase or theft of weapons of mass destruction now more likely 

Religious terrorists see themselves as answerable only to God 


Emergence of the far right, so increased likelihood of large-scale 
violence 
More casualties required to maintain public and media interest 
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preexisting countermeasures may already be in place, 
which also serves to prevent and control the risk of an 
ICD among these vulnerable populations. These should 
be considered in the risk assessment in terms of the pro- 
cedural, technical, physical, and personnel issues related 
to ICDs. Tables 34-4 and 34-5 represent the pertinent ac- 
tivities of consequence detection and management, and 
thereby provide an example of preexisting countermea- 
sures that should be evaluated and rated in terms of 
quality, quantity, and efficacy. 


Risk Countermeasures 


Having objectively quantified the risk of an ICD and then 
assigned appropriate levels of priority for asset protec- 
tion, countermeasures can be undertaken that will reduce 
or eliminate one or more of the vulnerabilities. Disaster 
medical and public health countermeasures have been 
identified in Tables 34-4 and 34-5. Countermeasures in- 
clude aspects of consequence detection and management, 
and they effectively function to deter, detect, delay, de- 
fend, and defeat the aims of the ICD perpetrator. Although 
these prevention and control measures must be measured 
against the potential costs and benefits of such actions, 
a discussion of ICD consequence detection and manage- 
ment activities are included to exemplify these options, 
regardless of financial constraints. 


Consequence Detection Measures 


Chance favors the prepared mind. 
Louis Pasteur 


To identify and detect the consequences of an ICD, 
responders must first be aware of characteristics that de- 
fine these catastrophic events. Medical personnel require 
training for a differential diagnosis that also includes 
the adverse health effects of an ICD. An efficient and 
secure network for sharing the confidential preincident 
intelligence must be created so that responders may be 
forewarned or briefed about ongoing events (16,30). The 
variety of potential chemical hazards must be identified 
along with the development of public and professional 
education programs that incorporate both military and 
industrial and/or commercial agents without an overem- 
phasis on any chemical hazard (30). Civilian public safety, 
rescue and emergency medical personnel, and medical lab- 
oratories need an improved ability to detect and identify a 
wide variety of toxic substances including, but not limited 
to, military agents (30). The capacity for community-level 
ICD event reconstruction that allows for hazard assess- 
ment, dispersion prediction, exposure assessment, and 
laboratory reporting should be enabled (30,31). The ca- 
pability for integration of information management, pas- 
sive and active surveillance systems, and epidemiological 


investigation should be instituted among national, state, 
and local health resources (18,19,30). 

Since 1990, the Agency for Toxic Substances and 
Disease Registry (ATSDR) has maintained an active, state- 
based hazardous substances emergency events surveil- 
lance (HSEES) system to describe the public health 
consequences associated with the release of hazardous 
substances. Environmental monitoring and the HSEES 
should reflect an index of suspicion, the threshold, and 
mechanism for reporting ICD events. Protocols, meth- 
ods, and case definitions are needed, in addition to scene 
assessments, for the diagnosis and evaluation of ICD- 
related casualties (18,19). Guidance for an “all-hazard 
approach” to incident and emergency management must 
be available. This should include principles of the planning 
process, direction and control, communications, warning 
and risk communication, emergency public information, 
population protection measures, health and medical is- 
sues, mass care, resource allocation, and hazard-specific 
variations (29,32). 

Medical training must include protocols for the isola- 
tion and treatment of contaminated patients in addition 
to operational recovery (33). Limitations and needs for 
effective personal protective equipment and occupational 
health training must be identified and maintained (29,30). 
Research and development efforts must focus on pro- 
cesses for rapid mass triage and the decontamination of 
large numbers of affected individuals (29,30). Methods 
for incident management, site control, forensics, mutual 
aid, and hazardous waste emergency operations involving 
the broad variety of ICD agents must gain a broad level 
of consensus and awareness (18,34). Mental health issues 
are also a very important factor in the health and medical 
management and detection of a terrorist event (35). Na- 
tional, regional, and local public health departments must 
be linked in a network of real-time communication with 
the medical response community, public safety, regional 
poison control centers, and regional laboratory capaci- 
ties (18,29). National assets must also be configured to 
support local responders in a broad variety of activities 
involving consequence management and detection (18). 


SUMMARY 


In summary, the prevention, detection, and management 
of ICD events represent an enormous challenge for the 
discipline of disaster medicine. Although these incidents 
may have low likelihood, the impact could be catastrophic. 
Experience in dealing with these rare events is extremely 
limited. The scope of disaster medicine has the unique 
characteristic of being able to address these complex 
issues effectively. 

A broad range of potential hazards and threats that 
involve ICDs exists. However, many striking similarities 
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are found betvveen aspects for the management of an ICD 
and the many issues related to technological disasters. 
Conceptual framevvorks that can serve to organize disaster 
medical activity better are novv available to guide future 
efforts. ICD consequence detection and management may 
be successfully addressed using a system of analytical risk 
management. Experience and knowledge regarding these 
principles of risk management as applied to an ICD are 
essential to the development and effectiveness of disaster 
medicine and public health promotion. 
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Biological weapons utilize microbes or toxins derived 
from living organisms to cause disease or death in humans, 
animals, or plants (1). After a covert release of aerosolized 
agent, and an incubation period ranging from hours 
to weeks, the first sign of a biological attack would 
likely be patients presenting to health care providers in 
emergency departments and clinics. The challenges posed 
by a covert release manifested during the autumn of 
2001, when patients presented with fever and dyspnea 
after being unwittingly exposed to Bacillus anthracis 
spores aerosolized by mail processing equipment or by 
the handling of contaminated mail. Emergency medicine 
specialists and primary care providers need a basic 
understanding of the clinical presentations, diagnosis, 
and treatments of the major diseases that pose the 
highest threats so that they can effectively mitigate the 
consequences of a bioterrorist (BT) attack. This chapter 
will provide an overview of biological weapons and will 
focus on selected agents. 

Microbes have been used as weapons for centuries (2). 
The use of a biological weapon could be as simple as 
contaminating an adversary’s well with an animal carcass 
or feces (3). In 1346, Tartar invaders were afflicted by an 
outbreak of bubonic plague while laying siege to Caffa, 
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a port city on the Black Sea in Crimea. In an attempt 
to turn misfortune to their advantage, they catapulted 
plague-ridden corpses over the city’s walls; subsequently, 
an outbreak of plague ensued among the defenders (4). 
During the French and Indian War, Sir Jeffrey Amherst 
gave blankets and clothing contaminated with scabs from 
smallpox patients to Indians sympathetic to the French, 
with the intent of spreading smallpox. Although both 
examples are intriguing, their epidemiological impact is 
difficult to determine in retrospect. On the basis of current 
knowledge of the ecology and epidemiology of Yersinia 
pestis, the spread of plague into Caffa by catapulted 
cadavers is biologically plausible and more likely than 
importation by feral rodents (5). However, the role of Sir 
Amherst’s biological attack in epidemic smallpox among 
the Indians is called into question by the fact that scabs 
from smallpox patients were not very infectious because 
the virus was bound by fibrin matrix (6). 

Advances in microbiology in the 19th century provided 
the scientific basis for escalating the use of disease as a 
weapon to a new level of sophistication. In the early 20th 
century, several countries launched ambitious biological 
weapons programs. Unit 731, a Japanese research facility 
headed by General Shiro Ishii during World War II, is 
notorious for the alleged use of prisoners as research sub- 
jects (7,8). Western powers, particularly Britain and the 
United States, began programs in response to concerns 
that the Axis powers might gain a military advantage 
in this area. The British used immobilized sheep to test 
small anthrax bombs on Gruinard Island, off the coast 
of Scotland. Although bombs are an inefficient means 
for delivering microbes because the heat and light from 
the explosion inactivate most of the pathogens, the Gru- 
inard experiments validated the feasibility of this type 
of weapon. Parts of the island remained heavily contami- 
nated with anthrax spores until they were decontaminated 
in the 1980s, demonstrating the long-term viability of an- 
thrax spores in soil (9). The United States conducted an 
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offensive research and testing program from 1943 until 
1969, when President Nixon unilaterally renounced bio- 
logical warfare (10). All biological munitions and stocks of 
agents and toxins were destroyed by 1973 in accordance 
with approved demilitarization plans (11). 

International concern refocused on biological weapons 
in 1995 after the Iraqi government’s disclosures to the 
United Nations (UN) Special Commission on Iraq that 
they had operated a robust biological weapons program, 
and had weaponized 6,000 L of B. anthracis spores and 
12,000 L of botulinum toxin before the 1991 Gulf War (12). 
Following the war, the Iraqis continued a covert military 
research and development program for another 4 years, 
with the intent of resuming weapons production after 
the end of UN sanctions. Infrastructure was preserved, 
and research on producing dried agent was conducted 
under the guise of biopesticide production at the Al 
Hakam Single-Cell Protein Plant, until its destruction by 
UN inspectors in 1996. In addition, the Iraqi Intelligence 
Service reportedly investigated toxins as tools of assas- 
sination, and conducted lethal human experimentation 
until 1994. Although the military program was abandoned 
in 1995-1996, the Iraqi Intelligence Service maintained 
small-scale covert laboratories until 2003 (13). Another 
alert followed the defection of Ken Alibek, the first deputy 
director of Biopreparat, the civilian wing of the Soviet 
biological weapons program. He revealed the massive ex- 
tent of the program, which included the production and 
weaponization of tonne quantities of the etiological agents 
of anthrax, plague, tularemia, and smallpox (14). Both the 
Iraqi and Soviet governments had signed the 1972 Biolog- 
ical Weapons Convention. The convention bans biological 
weapons (biological agents + dissemination devices), and 
prohibits the development, production, and stockpiling 
of biological agents “in quantities that have no justi- 
fication for prophylactic, protective, or other peaceful 
purposes” (15). However, the convention lacks mandatory 
measures for verification and enforcement (16); attempts 
to formulate such measures have been unsuccessful be- 
cause of numerous security and proprietary issues. 

Terrorists have studied and used biological weapons; 
in 1984, members of a commune in Oregon caused a large 
community outbreak of salmonellosis by contaminating 
food in restaurant salad buffets (17). The Aum Shinrikyo, 
perpetrators of the 1995 sarin attack in Tokyo, reportedly 
launched unsuccessful biological attacks (18). Al Qaeda, 
the perpetrators of the aircraft hijackings and attacks 
of September 11, 2001, operated a biological weapons 
program in Afghanistan before the overthrow of the 
Taliban regime in 2001-2002. Their program consisted of 
trained personnel using commercially acquired equipment 
in two laboratories (19). The delivery of B. anthracis spores 
through the mail in 2001, resulting in 22 cases of anthrax 
and five deaths, demonstrated the malicious intent and 
capability of biological terrorists. 


Biological agents have several characteristics con- 
ducive to the proliferation of weapons programs: 


1. Many of the agents are available from environmental 
reservoirs, clinical and research laboratories, scientific 
culture collections and microbiology suppliers (20). 
Some of the seed stocks for Iraqi munitions came from 
supply houses in the United States and France (12). Ex- 
port controls, procedures for acquiring and shipping 
cultures, and rules for conducting research on desig- 
nated pathogens have since become more stringently 
applied (21). 

2. The information required to culture pathogens is 
readily available in numerous extremist “how to” 
handbooks, as well as on the Internet, and to a certain 
extent, in microbiological textbooks. Concern has been 
expressed about the potential for the proliferation 
of knowledge, culture technologies, and pathogens 
by unemployed scientists who previously worked in 
state-sponsored offensive programs, such as that of 
the former Soviet Union. These individuals could be 
enticed by countries known for supporting terrorism or 
by terrorist organizations with the funds to hire them. 

3. The expense of producing a biological weapon is far 
less than that of other weapons of mass destruction. 
For example, in a 1969 estimate, the United Nations re- 
ported that the cost to kill more than 50% of the people 
in a square kilometer with a biological weapon would 
only be $1, when compared with a chemical, nuclear, 
or conventional weapon, which would cost $600, $800, 
or $2,000, respectively (22). 

4. The infrastructure to mass-produce pathogens is easy 
to obtain, and the intended use is easy to conceal, be- 
cause of its potential of dual use. The fermentation 
technology for manufacturing beverages such as beer 
and wine, or for producing antibiotics and vaccines can 
be readily adapted to culture pathogens or produce tox- 
ins in industrial quantities. For example, the Al Hakam 
Single-Cell Protein Plant, used by the Iraqi biologi- 
cal weapons program to produce botulinum toxin and 
B. anthracis spores before the 1991 Gulf War, was used 
after the war to produce Bacillus thuringiensis, a legit- 
imate biological pesticide harmless to crops, livestock, 
and humans, to serve as a cover to preserve infras- 
tructure and capability for future biological weapons 
production (12,13). 

5. Biological agents can be disseminated with readily 
available technology. Common agricultural spray de- 
vices can be adapted to generate aerosols of pathogens, 
with optimal particle sizes to enhance suspension in 
the air and infectivity following inhalation, potentially 
causing epidemics over great distances. Perpetrators 
can take advantage of weather conditions, such as 
wind and temperature inversions, as well as building 
infrastructure (e.g., ventilation systems) or air currents 
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generated by transportation (e.g., subway cars passing 
through tunnels) to disseminate agents and thereby 
infect or intoxicate large populations. 
The deployment of a biological weapon may be imper- 
ceptible. Unlike high-explosive, chemical, or nuclear 
weapons, which generally exert their effects immedi- 
ately with explosions or casualties, biological agents 
have a delayed effect due to their incubation periods. 
These can range from a few hours (e.g., staphylococcal 
enterotoxin B) to several weeks (e.g., Q fever). In this 
era of rapid air travel, the perpetrator could be overseas 
by the time the effects of the agent become manifest. A 
would-be terrorist might be protected with a vaccine or 
chemoprophylaxis, and therefore would incur little risk 
of infection while disseminating a pathogen. In con- 
trast, a terrorist using a chemical agent would need con- 
spicuous protective equipment during dissemination. A 
biological aerosol may be odorless, colorless, and taste- 
less; a release may not be recognized until emergency 
departments and other health care facilities are flooded 
with ill victims days later, as evidenced by postal work- 
ers in 2001 presenting with inhalational anthrax after 
exposure to aerosols generated by contaminated mail 
processed by automated mail-handling equipment. 

7. The mere mention of certain diseases, such as small- 
pox, anthrax, or plague, has the potential to cause fear 
and panic among the population because of their noto- 
riety for high mortality. Such “brand name” recognition 
has potential value to a terrorist who is seeking to gain 
media headlines, make a statement, or cause civil dis- 
ruption, regardless of whether the pathogen is actually 
used. This has been demonstrated repeatedly in biolog- 
ical weapon hoaxes across the United States (20), and 
by the demand for ciprofloxacin prophylaxis after the 
anthrax attacks in 2001. Emergency responders, public 
health agencies, health care providers, military agen- 
cies, and federal and local law enforcement agencies 
have developed new protocols for providing effective 
risk communication and an appropriate measured re- 
sponse. 


a 


Of the hundreds of pathogens encountered in clini- 
cal practice, only a few have the biological properties 
necessary to generate mass casualties and civil disrup- 
tion (23,24). Although it is relatively easy to culture 
pathogens in large quantities, the execution of a large- 
scale biological attack utilizing aerosolized agent would 
be difficult because of numerous technical challenges. The 
pathogen must be robust, able to survive storage in a mu- 
nition and to withstand the effects of aerosolization—the 
microbe must be relatively resistant to desiccation, oxi- 
dation, and solar ultraviolet radiation. The microbe must 
be cultured, stored, and released in media with viscosity, 
surface tension, and electrostatic properties that allow a 
particle size of 1 to 5 um. Sprayers or other dissemination 


devices must be adapted to generate particles within a 
narrow size range. To maintain an effective concentra- 
tion, an outdoor release would have to be executed under 
specific weather conditions, such as during a temperature 
inversion, at night, with a slow, steady wind moving over 
the target. These technical challenges took major national 
programs millions of dollars and years of work to ad- 
dress, and may pose barriers to the successful deployment 
of biological weapons by terrorists. However, the 2001 
anthrax attacks demonstrated that paper envelopes con- 
taining a highly concentrated and refined preparation of 
B. anthracis spores were simple yet lethal dissemination 
devices while being processed by automated mail sorting 
machinery in indoor environments. 

Historically, the military has been most concerned with 
pathogens that could be released in an aerosol to cover a 
large area and cause mass casualties. The North Atlantic 
Treaty Organization (NATO) handbook on medical coun- 
termeasures to biological warfare agents lists 39 pathogens 
and toxins as weapons candidates (25). Not all of these can 
be easily mass-produced or dispersed in an aerosol. The 
Johns Hopkins University Center for Civilian Biodefense 
convened a working group of government and academic 
experts to identify agents that have the potential to cause 
large numbers of casualties, overwhelm health care re- 
sources, and create civil disruption (26). The shortlist iden- 
tified by the working group includes anthrax and smallpox 
as the greatest threats, followed by plague, botulinum tox- 
ins, viral hemorrhagic fevers, and tularemia (23). The 
Centers for Disease Control and Prevention (CDC) also 
defined a list of threat agents based on the following 
criteria (24): 


1. Public health impact based on morbidity, mortality, 
and communicability 

2. Delivery potential to large populations based on stabil- 
ity, ease of production, and dissemination 

3. Special requirements for stockpiling treatments or 
antidotes, surveillance, and diagnosis 

4. Potential for fear and civil disruption based on public 
perception 


The CDC working group designated three categories— 
A, B, and C—for public health preparedness. Those in cat- 
egory A have the greatest potential for significant impact; 
they require the most intense preparedness efforts. Cate- 
gory A lists the same agents as those in the Hopkins list; 
the remainder of this chapter focuses on these six agents. 


ANTHRAX 


Anthrax is caused by the gram-positive, nonmotile, sporu- 
lating bacillus, B. anthracis. Disease is produced primarily 
by the activity of two toxins, edema toxin and lethal toxin. 
The biological properties of B. anthracis spores exemplify 
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a prototypic biological vveapon candidate. The spores are 
viable for decades, can easily withstand storage and the 
physical stressors of aerosolization, and can be milled 
to the ideal particle size of 2 to 6 um for efficient deliv- 
ery to the lower respiratory tract. They are infectious by 
inhalation and cause severe and often lethal disease. 

Anthrax has historically been a disease of cattle and 
other herbivores. Humans generally are secondarily in- 
fected through work with animals or animal products, 
such as hides, hair, or bone meal. During the industrial 
revolution, inhalational anthrax was recognized as an oc- 
cupational hazard in the wool industries of Europe. Hence, 
the disease has the names of Woolsorter’s or Ragpicker’s 
disease. 

Anthrax is rare in the United States. At the beginning of 
the 20th century, before the widespread implementation 
of control measures such as the vaccination of animals, 
import controls, and enhanced occupational health mea- 
sures in the textile industry, approximately 130 human 
cases, most of which were cutaneous, were reported each 
year (27). Only 18 cases of inhalational anthrax were 
reported in the United States in the 20th century (28). 
The bioterror attacks of autumn 2001 caused 22 cases, 
11 cases each of cutaneous and inhalational disease, 5 of 
whom died (29,30). 

An accidental release of B. anthracis spores in 1979 
from a military microbiology facility in the former Soviet 
town of Sverdlovsk (now Yekaterinburg, Russia), caused 
the largest known epidemic of inhalational anthrax; 
66 deaths occurred among people living or working within 
4 km downwind of the release point; animals died within 
50 km downwind (31,32). This outbreak was a disastrous 
“proof of concept” that an outdoor release of aerosolized 
spores can produce mass casualties over a large area. 

Four clinical forms of anthrax occur, depending on the 
route of exposure. The most common form, cutaneous 
anthrax, represents at least 95% of reported cases. It 
follows skin inoculation by spores through superficial 
abrasions or inapparent lesions. The spores germinate 
in dermal macrophages (Langerhans cells), and elaborate 
toxins, resulting in edema and lesions that evolve from 
papule to necrotic ulcer. The name anthrax is derived 
from the Greek word for coal because of the characteristic 
black eschar. This may be followed by bacteremia and 
sepsis. Cutaneous anthrax is confirmed by punch biopsy 
at the edge of the lesion, with silver staining, tissue culture, 
direct fluorescent antibody assay (DFA) for B. anthracis 
polysaccharide cell wall capsular antigen, and polymerase 
chain reaction (PCR) (33). The case-fatality rate for 
untreated cutaneous anthrax is approximately 20%, but 
is reduced to 1% to 3% with antibiotic therapy. 

Oropharyngeal and gastrointestinal anthrax follow the 
ingestion of meat from infected animals. Oropharyngeal 
anthrax features an acute pharyngitis with necrotic ulcers 
or pseudomembranes, severe local edema possibly leading 


to upper airway obstruction, and cervical lymphadenopa- 
thy. Prognosis is poor. Gastrointestinal anthrax has been 
typically described as fulminant, with gastrointestinal ul- 
ceration, bowel edema, and complications including ileus, 
mesenteric lymphadenitis, massive ascites, and high mor- 
tality (34). However, two community-based reports (35,36) 
suggest that most cases feature uncomplicated gastroen- 
teritis with a favorable prognosis; this could potentially 
confound early recognition of a food-borne BT attack (37). 

Inhalational anthrax is the most deadly form, and the 
illness most likely to follow a biological attack utilizing 
aerosolized agent. During the 2001 anthrax mailings, cases 
occurred among individuals exposed to aerosols generated 
in mail facilities; or presumably, by aerosols generated by 
handling contaminated items or cleaning contaminated 
equipment (38). Inhaled spores are phagocytized by alve- 
olar macrophages, and transported to regional hilar, me- 
diastinal, and pleural-based lymph nodes. This is followed 
by germination and toxin synthesis, resulting in necro- 
tizing mediastinitis and hemorrhagic pleural effusions. 
Bacteremia occurs early, leading to metastatic infection, 
sepsis, and death. In an autopsy series of 42 victims 
at Sverdlovsk, 50% had evidence of meningeal involve- 
ment (39). Case-fatality rates reach 100% in untreated 
cases; the historical mortality rate of 85% to 90% during 
the antibiotic era was reduced to 45% during the 2001 
BT attacks, probably because of aggressive intensive care 
(29,30). 

Incubation ranges from 1 to 6 days, although periods 
of up to 43 days were reported after the Sverdlovsk out- 
break (31). A review of 10 of the 11 cases of inhalational 
anthrax from 2001 demonstrated an incubation of 4 to 6 
days in the 6 cases for which the date of exposure was 
documented (29). The 2001 outbreak provided new in- 
formation regarding clinical presentation (29). Patients 
presented with a nonspecific febrile illness, accompa- 
nied by cough, malaise, fevers, chills, and occasionally 
chest pain; 70% of them complained of profound, drench- 
ing sweats, and 90% noted nausea or vomiting. Notably, 
nasal congestion, rhinorrhea, or sore throat was typically 
absent. The absence of upper respiratory infection symp- 
toms may assist in differentiating inhalational anthrax 
from influenza-like illnesses (40). Within the next 24 to 
48 hours, the illness progressed with dyspnea, respiratory 
failure, and clinical sepsis. Leukocyte counts were normal 
or only modestly elevated (range 7,500 to 13,300) at the 
initial presentation, although marked leukocytosis (range 
11,900 to 46,900) subsequently developed. Transaminase 
levels were elevated in seven of nine cases for which 
results were reported. Pleural fluid was hemorrhagic, 
with relatively low leukocyte counts. Blood cultures were 
positive within 12 to 24 hours in all patients cultured 
before antibiotics were started, but were negative when 
obtained after the start of therapy. A nasal swab culture ob- 
tained on the fifth day of antibiotic therapy on a suspected 
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FIGURE 35-1. Chest x-ray of a patient vvith bioterrorism- 
associated inhalational anthrax, October 2001, demonstrating 
a left pleural effusion and mediastinal widening due to lym- 
phadenopathy. Pleural effusion was the most frequent radio- 
graphic finding during the 2001 epidemic. Mediastinal widening 
was occasionally subtle or absent on plain chest radiography; 
sensitivity was enhanced by computed tomography (Fig. 35-2). 
(From Centers for Disease Control and Prevention. Update: in- 
vestigation of bioterrorism-related anthrax—Connecticut, 2001. 
November 30, 2001. Morb Mortal Wkly Rep 2001;50:1049-1051.) 


case yielded growth, due to persistent spores on nasal 
hair or epithelium. Other confirmatory tests for inhala- 
tional, meningeal, or oropharyngeal or gastrointestinal 
anthrax include Gram’s stain and culture, PCR and DFA 
of clinically relevant specimens (e.g., pleural fluid cytol- 
ogy preparations, pleural, transbronchial or other directed 
tissue biopsy specimens, cerebrospinal fluid, or stool). 
Serological testing may be useful in all forms of anthrax; 
immunoglobulin gamma (IgG) antibody to B. anthracis 
protective antigen may be detectable within 10 to 40 days 
of the onset of symptoms. 

Ten of the 11 patients in the 2001 outbreak had 
abnormal chest x-rays at initial presentation (Fig. 35-1). 
Pleural effusions were present in nine, and infiltrates in 
eight cases. However, the classically described widened 
mediastinum was observed only in seven, and was 
occasionally subtle. Computed tomography may be more 
sensitive than plain radiography for the detection of 
mediastinal adenopathy; this finding was observed in 
seven of the eight patients scanned (Fig. 35-2) (29). 

Empirical therapy should be started without waiting 
for diagnostical confirmation. DHHS treatment guidelines 
for BT-associated anthrax (41) are outlined in Table 35-1. 
The duration of therapy for BT-associated cutaneous an- 
thrax (60 days) differs from that of naturally acquired 
zoonotic disease (seven to ten days) because in the BT 
context the patient may have inhaled a large inoculum 
of spores at the time of cutaneous exposure; antibiotic 
therapy is extended to provide postexposure prophylaxis 
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FIGURE 35-2. Computed tomography (CT) scan of the same 
patient, demonstrating bilateral pleural effusions and bulky 
mediastinal lymphadenopathy. Four enlarged lymph nodes are 
located anterior to the vertebral column and descending aorta. 
Chest CT detected mediastinal adenopathy in seven of eight 
patients scanned during the 2001 epidemic. (From Centers 
for Disease Control and Prevention. Update: investigation of 
bioterrorism-related anthrax—Connecticut, 2001. November 30, 
2001. Morb Mortal Wkly Rep 2001;50:1049-1051.) 


for inhalational anthrax. Therapy for inhalational anthrax 
includes intensive supportive care, drainage of effusions, 
and parenteral antimicrobials (42). DHHS recommenda- 
tions combine either ciprofloxacin or doxycycline with one 
or two additional agents with activity against B. anthracis 
(Table 35-1). Combination parenteral therapy is recom- 
mended until the patient is stable, followed by oral therapy 
for a total of 60 days. Therapy should be tailored on the 
basis of susceptibility testing. Penicillin has been approved 
by the FDA for treating anthrax but may not be appropri- 
ate as many strains of B. anthracis produce an inducible 
beta-lactamase that confers penicillin resistance. Antibi- 
otic therapy of meningoencephalitis, oropharyngeal, and 
gastrointestinal anthrax is similar to the treatment of in- 
halational anthrax as summarized in Table 35-1, with 
the caveat that doxycycline is not recommended for 
meningoencephalitis due to its relatively low central ner- 
vous system bioavailability (41). Adjunctive measures for 
gastrointestinal anthrax include aggressive fluid and elec- 
trolyte resuscitation, drainage of ascites, and wide surgical 
resection of diseased bowel segments for patients failing 
medical therapy. Adjunctive corticosteroid therapy has 
been suggested for meningoencephalitis (based on expe- 
rience with meningitis due to other bacteria), cutaneous 
anthrax complicated by severe edema (especially head 
and neck lesions), oropharyngeal anthrax (potential up- 
per airway obstruction), and inhalational anthrax with 
severe mediastinal edema. Clinical experience using corti- 
costeroids in the treatment of anthrax is limited (43). 
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) TABLE 35-1 Therapy of Bioterrorism-Associated Anthrax? 


Initial Therapy Duration of Therapy 
Inhalational 

Adults? Ciprofloxacin 400 mg IV every 12h IV initially until clinically improved, then convert to: 
Or Ciprofloxacin 500 mg orally every 12 h or 
Doxycycline 100 mg IV every 12h Doxycycline 100 mg orally every 12h 
AND Complete duration 60 d 
One or two additional antimicrobials? 

Children Ciprofloxacin 1-15 mg/kg IV every 12h IV initially until clinically improved, then convert to: 
Or Ciprofloxacin 10-15 mg/kg orally every 12 h 
Doxycycline: Or 
>8 yr and >45 kg: adult dose Coxycycline: 
>8 yr and <45 kg: 2.2 mg/kg IV every 12h >8 yr and >45 kg: adult dose 
<8 y: 2.2 mg/kg IV every 12h >8 yr and <45 kg: 2.2 mg/kg IV every 12h 
AND <8 yr: 2.2 mg/kg IV every 12h 
One or two additional antimicrobials® Complete duration 60 d 

Cutaneous 

Adults? Ciprofloxacin 500 mg orally every 12 h Or 60d 
Doxycycline 100 mg orally every 12h 
Amoxicillin 500 mg orally three times daily may be 

considered after initial clinical improvement in cases due 
to susceptible strains 

Children Ciprofloxacin 10-15 mg/kg orally every 12 h 60 d 
Or 
Doxycycline: 


>8 y and >45 kg: adult dose 
>8 y and <45 kg: 2.2 mg/kg IV every 12 h 
<8 y: 2.2 mg/kg IV every 12h 


Amoxicillin 500 mg/kg/daily divided in three doses may be 
considered after initial clinical improvement in cases due 


to susceptible strains 


Doxycycline is not recommended for cases complicated by meningoencephalitis (see text). 
@Adapted from Centers for Disease Control and Prevention. Update: investigation of bioterrorism-related anthrax and 
interim guidelines for exposure management and antimicrobial therapy. October 26, 2001. Morb Mortal Wkly Rep 


2001;50:909—919. 


Therapy for pregnant women same as nonpregnant adults; therapy for immunocompromised persons same as for 


nonimmunocompromised persons. 


“Other antimicrobials with in vitro activity include rifampin, vancomycin, chloramphenicol, imipenem, clindamycin, and 


clarithromycin. 


Anthrax is not transmitted from person to person; stan- 
dard infection control precautions are appropriate (44). 

Postexposure prophylaxis consists of two daily doses of 
ciprofloxacin, 500 mg orally, or of doxycycline, 100 mg 
orally (Table 35-2) (41,42). Spores have been demon- 
strated to remain viable in mediastinal lymph nodes 
for up to 100 days (45), and death has occurred up to 
58 (46) and 98 (47) days after inhalational exposure in 
animal models. Because the longest known incubation 
in humans at Sverdlovsk was 43 days, a 60-day course 
of postexposure prophylaxis is advised. Options offered 
by the DHHS are the extension of prophylaxis for 100 
days with or without the addition of three doses of an- 
thrax vaccine. Vaccine administered as a component of 
postexposure prophylaxis is offered as an investigational 
new drug (IND) under an informed consent protocol (48). 
The FDA-licensed anthrax vaccine offers a modality for 


preexposure prophylaxis. An animal model demonstrated 
that the vaccine protects nonhuman primates against a 
spore challenge of up to 899 + 62 inhaled lethal doses 
(LDso) (49,50). Vaccination is offered as preexposure pro- 
phylaxis for inhalation anthrax on a voluntary basis to 
US military personnel deploying to high-threat areas, as 
authorized by the FDA under specific emergency use au- 
thorization conditions (51). 


SMALLPOX 


Variola virus, the etiological agent of smallpox, is a 
member of the Orthopoxvirus genus, and is closely related 
to the viruses causing cowpox and monkeypox. It is one 
of the largest (0.25 um) DNA viruses known, and has a 
bricklike appearance on electron microscopy. 


418 V. Conflict-Related Disasters 


) TABLE 35-2 Postexposure Prophylaxis for Bioterrorism-Associated Anthrax? 


Primary Option 
Adults? Ciprofloxacin 500 mg orally twice a day 
Pregnant women Ciprofloxacin 500 mg twice a day 
Children Ciprofloxacin 10-15 mg/kg orally twice a day” 


Alternatives 


Doxycycline 100 mg orally twice a day 

Or 

Amoxicillin 500 mg orally three times a day” 
Amoxicillin 500 mg orally three times a day 
Doxycycline: 

>8 y and >45 kg: adult dose 

>8 y and <45 kg: 2.2 mg/kg orally twice a day 
<8 y: 2.2 mg/kg orally twice a day 


4Adapted from Morb Mortal Wkly Rep 2001;50:889—893, duration of prophylaxis is 60 days in all cases. US DHHS also 
offers options of extending the duration of prophylaxis to 100 days, with or without postexposure vaccination under and 


investigational new drug protocol. 
Includes immunocompromised persons. 


“According to CDC recommendations, amoxicillin is suitable for postexposure prophylaxis only after 10 to 14 d of 
fluoroquinolone or doxycycline treatment and then only if there are contraindications to these two classes of 
medications (e.g., pregnancy, lactating mother, or intolerance of other antimicrobials). 


d Ciprofloxacin dose not to exceed 1 g/d. 


Smallpox, like anthrax and plague, is another of the 
great diseases of antiquity. No other disease has had such 
an extensive and persistent impact on mankind (52). In 
1980, the World Health Assembly declared this disease 
eradicated—the first, and till date the only disease to be 
eliminated. The World Health Assembly recommended 
that all countries discontinue smallpox vaccination in 
1980. Vaccination of civilians and military personnel in 
the United States was discontinued in 1972 and in the 
mid-1980s, respectively. 

Ironically, the success of this great public health tri- 
umph and the subsequent cessation of smallpox vaccina- 
tion opened a new vulnerability. The Soviets allegedly saw 
the eradication of smallpox as an opportunity to exploit, 
and cultured variola by the tonne for use in interconti- 
nental ballistic missiles directed at the United States (14). 
Concerns abounded that nations sponsoring international 
terrorism may have kept stocks of variola, rather than 
destroying or sending them to laboratories designated by 
the World Health Organization (53), and that variola or 
variola-like agents with enhanced virulence could be con- 
structed by scientists using recombinant technology (54). 
Owing to the growing population of immunologically 
naive individuals, and the waning immunity of the for- 
merly vaccinated, only 20% of the population is estimated 
to have residual protection (26). This has serious im- 
plications because person-to-person transmission could 
generate hundreds or thousands of new cases, especially 
if cases were to go unrecognized until the second or third 
generation (55). 

Concern regarding the potential use of variola as a 
biological agent led to a comprehensive smallpox pre- 
paredness program, launched by the CDC in 2002. The 
plan integrates community, regional, state and federal 
health care, and public health care organizations, and fea- 
tures farsighted planning, logistical preparation, training 


and education, risk communication, surveillance, and 
local preparations for mass vaccination, isolation, quar- 
antine, and humane treatment of patients in designated 
facilities (56). More than 400,000 selected military person- 
nel, and 38,000 civilian emergency responders and health 
care workers in designated smallpox response teams have 
been vaccinated. 

Several clinical variants have been observed, but the 
one of most concern for a biological weapon attack is 
variola major, which has a 30% case-fatality rate in the 
unvaccinated. The incubation period from infection to 
onset of the rash ranges from 7 to 17 days, averaging 12 to 
14 days. Typically, infection begins in the respiratory 
mucosa and then spreads to regional lymph nodes. 
Within 3 to 4 days, a subclinical viremia seeds the 
reticuloendothelial system, including the lymph nodes, 
spleen, and bone marrow. A secondary viremia that seeds 
skin ensues around the eighth day. This is accompanied 
by a prodrome of fever, vomiting, and headache, which is 
followed in 2 to 3 days by a characteristic rash, signaling 
the onset of communicability. In the first couple of days, 
the rash may be mistaken for varicella; however, there 
are distinguishing features. Smallpox develops first on the 
face and a bit later on the extremities, and it remains 
more prominent peripherally—it is a centrifugal rash; in 
contrast, the exanthem of chicken pox develops initially 
on the trunk—it is a centripetal rash. Smallpox lesions 
progress in synchrony through the stages of macule, 
vesicle, umbilicated pustule, and scab, whereas chicken 
pox lesions appear in successive crops, thereby yielding 
lesions at different stages of development. Long-term 
complications may include blindness, scarring, and bony 
deformities in children (6). 

Clinical diagnosis is made by the recognition of the 
characteristic rash. Physician inexperience with smallpox 
has grave implications with respect to early diagnosis 
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and prevention of secondary spread. Physicians may not 
include smallpox in a differential diagnosis, or might 
simply discount smallpox because the disease has been 
“eradicated.” The importance of enhanced awareness, 
preparation, and risk communication was underscored 
by the epidemic of monkeypox, which features a rash 
similar to smallpox, in the midwestern United States in 
2003, after the launching of the smallpox preparedness 
program (57,58). 

Laboratory confirmation of suspected smallpox must 
be done only at designated laboratory response network 
(LRN) for BT facilities (see subsequent text) (56). Electron 
microscopy of biopsy specimens can reveal orthopoxvirus 
virions; variola can be confirmed by PCR and culture. 

Supportive care was the mainstay of therapy available 
when smallpox was endemic. Cidofovir is active in vitro 
and in animal models of orthopoxvirus infections (59), and 
is available for the treatment of suspected smallpox under 
an investigational protocol sponsored by the CDC (56). 
However, the logistical challenges of administering an 
intravenous medication to a large number of patients dur- 
ing an epidemic would be formidable. A cidofovir prodrug 
with high oral bioavailability is in development (60), and 
may offer a future modality for postexposure prophylaxis 
and therapy. 

The current CDC smallpox response strategy is based 
on preexposure vaccination of carefully screened and 
trained members of first response teams, epidemiological 
response teams, and clinical teams at designated facilities. 
The plan calls for a “ring-vaccination” strategy: identifica- 
tion and isolation of cases, with postexposure vaccination 
and active surveillance of those potentially exposed by the 
initial release, and contacts of cases. 

Epidemiological measures for identifying exposed indi- 
viduals and isolating ill individuals are critical to interrupt 
transmission. Any patient suspected of having smallpox 
should be reported immediately to the local and state 
public health authorities and the CDC. Even one case of 
smallpox would be an international emergency. Patients 
with suspected or confirmed smallpox will be cohorted 
and quarantined in designated buildings (category X for 
suspects, category C for confirmed cases) with indepen- 
dent ventilation systems. Because smallpox can spread by 
respiratory droplets, droplet nuclei, and direct contact, 
infection control measures include airborne and contact 
precautions such as negative pressure isolation rooms 
or quarantine facilities, and the use of high-efficiency 
particulate air (HEPA) filters, gowns, gloves, and eye pro- 
tection (56). 

Vaccination up to 4 days after exposure may prevent 
or attenuate disease (61). The current ring-vaccination 
strategy targets those exposed by the initial release, and 
close contacts of cases. Mass vaccination would be re- 
served for instances when the risk of additional smallpox 
releases is high, or if the numbers or locations of cases 


renders the ring strategy inefficient (56). Vaccine pro- 
duction was discontinued shortly after the disease was 
declared eradicated. The method of producing the vaccine 
was crude, and unacceptable by today’s standards. Until 
recently, vaccine stored by the CDC was limited to approx- 
imately 15 million doses. A 10-fold dilution of the vaccine 
was found to be immunogenic; diluting the existing vac- 
cine by fivefold to 10-fold was considered as an emergency 
measure (62). Contracts for the production of a new cell 
culture-derived vaccine were awarded in 2000; the CDC 
now holds enough cell culture-derived vaccine to immu- 
nize the entire US population (56). Vaccinated contacts 
are to be monitored under active surveillance, and hospi- 
talized in a category X facility if they develop an illness 
consistent with prodromal smallpox within 3 weeks of 
exposure (56). Currently, postexposure chemoprophylaxis 
regimens are not available; strategies utilizing cidofovir, 
an oral cidofovir prodrug, or methasone warrant further 
investigation (63). 

As part of a comprehensive preparedness program, 
emergency physicians should be able to recognize the nor- 
mal progression of smallpox vaccine lesions, robust takes, 
and potential vaccine complications. These include ocular 
and other ectopic vaccinia lesions due to autoinoculation, 
postvaccinal folliculitis, generalized vaccinia, erythema 
multiforme, myopericarditis, encephalitis, and vaccinia 
gangrenosum. It is important to refer patients with these 
complications for further evaluation and treatment. Oc- 
ular vaccinia should be managed with ophthalmological 
consultation; topical ophthalmic vidarabine or trifluri- 
dine should be considered. Vaccinia immune globulin is 
available through the CDC for the treatment of vaccinia 
gangrenosum and severe generalized vaccinia (64). Fortu- 
nately, severe adverse reactions have been rare during the 
smallpox preparedness program (65). The search for a less 
reactogenic vaccine has rekindled interest in a highly at- 
tenuated vaccinia strain (Modified Vaccinia Ankara) (66), 
and has led to the development of a DNA subunit vaccine 
candidate (67). 


PLAGUE 


Plague is caused by the nonmotile, gram-negative coc- 
cobacillus Yersinia pestis. There have been three pan- 
demics of plague, with the third ongoing since 1898. 
Plague is endemic in various parts of the world. A handful 
of cases, mostly of the bubonic type, are reported annu- 
ally in the western United States. Infection of humans 
is not necessary to maintain the plague rodent-flea cy- 
cle; therefore, humans are generally secondarily infected 
when they spend time in areas where rodents are active or 
when their own pets carry the disease or the flea vector to 
them. Pneumonic plague is the most likely clinical presen- 
tation following a biological attack utilizing aerosolized 
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Y. pestis. Plague is the only agent other than smallpox on 
the category A threat list that is transmissible from person 
to person, typically by respiratory droplets from patients 
with pneumonic plague (68). The contagiousness of pneu- 
monic plague can be advantageous to an adversary who 
plans to infect a small number of victims initially, and 
then allows spread by secondary transmission. 

The mere mention of plague conjures many images 
because it has historically demonstrated the ability to kill 
millions, as it did in the second pandemic in Renaissance 
Europe; for that reason, it may appeal to potential ad- 
versaries. The history of Japanese experimentation with 
plague-infected fleas released on cities in China in World 
War II and reports that Y. pestis was one of the preferred 
agents in the former Soviet Union’s arsenal create ad- 
ditional concern. The US offensive program investigated 
plague and concluded that it had limited potential; viru- 
lence was difficult to maintain when Y. pestis was cultured 
in high concentrations. 

Three clinical presentations of plague occur. The most 
common is bubonic plague. Following the bite of an 
infected flea, plague bacilli are carried through the lym- 
phatics to regional lymph nodes where they multiply 
exponentially and cause an acute necrotizing regional 
lymphadenitis. The infected lymph node and inflamed 
overlying soft tissue forms an exquisitely tender nodule 
or tumor called a bubo. Bacteremia occurs early, and 
can lead to clinical sepsis and metastatic infection. Sep- 
ticemic plague presents as clinical sepsis in the minority 
of patients who do not develop a bubo. Pneumonic plague 
can occur secondarily when the lungs are seeded by bac- 
teremia as a complication of bubonic or septicemic plague. 
Primary pneumonic plague occurs after the inhalation of 
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Y. pestis carried by respiratory droplets. The prognosis 
of pneumonic plague is extremely poor if therapy is not 
initiated within 24 hours of the onset of symptoms. 

A diagnosis of plague is supported by Gram’s, Wright- 
Giemsa, or Wayson stains of sputum, blood, or fluid 
extracted from a bubo, and confirmed by DFA staining, 
PCR, and culture. Serological studies with enzyme-linked 
immunosorbent assay (ELISA) or passive hemagglutina- 
tion assay are generally useful only in retrospect (69). 

Streptomycin or gentamicin is the drug of choice. 
Streptomycin is available directly from the Roerig Strepto- 
mycin Program at Pfizer Pharmaceuticals under a compas- 
sionate use protocol. Alternatives include ciprofloxacin, 
chloramphenicol, or doxycycline (Table 35-3) (70). For 
plague meningitis, the drug of choice is chloramphenicol. 
Beta-lactam antibiotics are generally not recommended; 
in an animal model of pneumonic plague they were asso- 
ciated with accelerated mortality (71). 

Standard infection control measures are indicated 
during the care of patients with bubonic plague. Patients 
with pneumonic plague should be placed under droplet 
precautions, which should be maintained until the patient 
has completed 72 hours of therapy and until a favorable 
response to treatment is observed (44). 

A consensus panel recommended doxycycline, 100 mg 
orally twice a day, or ciprofloxacin, 500 mg orally twice 
a day for 7 days as postexposure prophylaxis following 
a BT attack (Table 35-4) (72). Household or face-to- 
face contacts of patients with pneumonic plague should 
be offered immediate chemoprophylaxis. Those refusing 
prophylaxis should be placed under active surveillance 
for 7 days (70). The drug of choice for prophylaxis is 


Primary Option Alternatives 
Adults Streptomycin 1 g IM twice daily Doxycycline 100 mg IV twice daily or 
Or 200 mg IV once daily 
Gentamicin 5 mg/kg IM or IV once daily or 2 mg/kg Or 
loading dose followed by 1.7 mg/kg IM or İV three Ciprofloxacin 400 mg IV twice daily 
times daily Or 
Chloramphenicol 25 mg/kg IV four times daily 
Pregnant women Gentamicin 5 mg/kg IM or IV once daily Ciprofloxacin 400 mg IV twice daily 
Or 
2 mg/kg loading dose followed by 1.7 mg/kg IM or IV 
three times daily 
Children Streptomycin 15 mg/kg IM twice daily (maximum daily Doxycycline 


dose 2 g) 


If >45 kg, give adult dose; if <45 kg give 2.2 mg/kg IV 
twice daily (maximum, 200 mg/d) 

Or 

Ciprofloxacin 15 mg/kg IV twice daily 

Chloramphenicol 25 mg/kg IV four times daily 


Recommended duration of therapy is 10 days. Adapted from Inglesby TV, Dennis DT, Henderson DA, et al. Plague as a 
biological weapon-medical and public health management. JAMA 2000,283:2281—2290, with permission. 
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) TABLE 35-4 Postexposure Prophylaxis of Bioterrorism-Associated Plague 


Primary Option 
Adults Doxycycline 100 mg orally twice daily 
Or 
Ciprofloxacin 500 mg orally twice daily 
Doxycycline 100 mg orally twice daily 
Or 
Ciprofloxacin 500 mg orally twice daily 
Doxycycline 


Pregnant women 


Children 


Alternatives 


Chloramphenicol 25 mg/kg orally four times daily 


Chloramphenicol 25 mg/kg orally four times daily 


Chloramphenicol 25 mg/kg orally four times daily 


If >45 kg, give adult dose; if <45 kg give 2.2 mg/kg orally 


twice daily (maximum, 200 mg/d) 
Or 
Ciprofloxacin 20 mg/kg orally twice daily 


Duration of prophylaxis is 7 days. Adapted from Inglesby TV, Dennis DT, Henderson DA, et al. Plague as a biological 
weapon-medical and public health management. JAMA 2000;283:2281—2290, with permission. 


doxycycline, 100 mg orally twice a day for 7 days or for 
the duration of contact, if that is longer. 

A licensed inactivated whole-cell vaccine is no longer 
produced, and is not effective against aerosol challenge 
in animal studies; consequently, it would not be useful 
to prevent pneumonic plague in a BT context. A subunit 
vaccine containing a recombinant F1-V antigen fusion 
protein appears promising in an animal model (73), as 
does a highly attenuated live vaccine candidate (74). 

Owing to modern air travel, containing epidemic plague 
could be difficult. An outbreak of pneumonia suspected 
to be plague in India in 1994 provided an example of 
the upheavals (75) that might follow if a plague epidemic 
followed a BT attack. Doctors and nurses fled hospitals, 
people left the afflicted city, and medications were in short 
supply. The aftermath of plague BT attack will require ro- 
bust international medical and public health coordination, 
including surveillance and quarantine measures. 


BOTULISM 


Botulinum toxins are the only toxins discussed in this 
chapter. A toxin is any poisonous substance produced by 
an animal, plant, or microbe. Many natural toxins can also 
be produced by chemical synthesis or recombinant tech- 
nology. Toxins are distinguished from chemical weapons 
by the following: chemical agents are of synthetic origin, 
and many agents are volatile; toxins are of natural ori- 
gin and nonvolatile. Some chemical weapons are active 
through intact skin, whereas biological agents, with the 
possible exception of the trichothecene mycotoxins, gen- 
erally do not penetrate intact skin. Finally, many toxins 
are much more potent than chemical agents on a mil- 
ligram per kilogram basis. For example, depending on the 
serotype, botulinum toxins are 10,000 to 100,000 times 
more toxic than chemical nerve agents. 


Botulinum toxins are a concern for warfare and 
terrorism because of their extreme toxicity (LDs5) = 3 mg 
per kg by inhalation) (76), the ubiquitous nature of 
Clostridium botulinum in soil, and the ease of culturing 
C. botulinum and producing toxin. There are seven toxin 
types (A-G), and multiple subtypes. Those that most 
commonly cause human disease are types A, B, and E. 
The toxins are immunologically distinct; consequently, 
monoclonal antibodies against one subtype may not be 
protective against other subtypes or types. 

Botulism is caused by the ingestion of preformed toxin 
in improperly processed foods, by in situ toxin production 
in wounds infected by C. botulinum, or by toxin production 
in the intestinal tract (infant-type botulism, the most 
common form of botulism in the United States). Animal 
models and human cases following a laboratory accident 
demonstrate that botulism can result from inhalation 
of aerosolized toxin. Mass casualties could be produced 
through contamination of a food source or by aerosol 
dissemination. The Iraqi disclosures of missiles and 
bombs loaded with botulinum toxin during the 1991 Gulf 
War (12) and the Aum Shinrikyo’s attempted production 
and use (18) have increased the concern that botulinum 
toxin might be used. 

The latent period of botulism can range from 24 hours 
to several days. Botulinum toxins interrupt the release of 
acetylcholine from presynaptic nerve terminals. This re- 
sults in the clinical syndrome of botulism-cranial nerve 
dysfunction, featuring blurred vision, diplopia, dysphagia, 
and dysarthria; autonomic symptoms including consti- 
pation and urinary retention; and a descending flaccid 
paralysis that may ultimately lead to respiratory failure 
and death. Historically, up to 25% of those among the first 
group of presenting patients in a case cluster have died, 
possibly because of delayed diagnosis and treatment. Bo- 
tulism has been misdiagnosed as Guillain-Barré syndrome, 
myasthenia gravis, stroke, myopathy, viral syndrome, 
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and psychiatric illness. Although myasthenia gravis or 
Lambert-Eaton syndrome may present with bulbar motor 
symptoms, these would not present as epidemics; multi- 
ple cases of neuromuscular disease presenting within a 
short interval should suggest botulism. Additional clinical 
studies that may differentiate botulism from other neu- 
romuscular disorders include edrophonium testing, elec- 
tromyography, and nerve conduction studies (77). 

Laboratory confirmation can be obtained through the 
LRN; clinical specimens (respiratory secretions, serum, 
stool, vomitus, gastric aspirate or feces) can be forwarded 
for mouse toxicity and toxin neutralization bioassays. 

Empirical treatment should be started immediately 
based on clinical diagnosis, and should not be delayed 
while awaiting laboratory results. Several antitoxins are 
available in relatively small quantities. The CDC has a 
licensed, bivalent equine antitoxin for toxins A and B. 
The anti-E antitoxin is an IND. A despeciated heptavalent 
(A-G) antitoxin (IND) has been produced by the Army. 
Both the licensed product and the despeciated heptavalent 
product require horse serum sensitivity testing before 
use because of the risk of anaphylaxis. A human- 
derived pentavalent botulinum antitoxin licensed for 
infant botulism is available through the California State 
Health Department. VVhich antitoxin is used depends on 
availability and the toxin type. Although antitoxin does 
not reverse symptoms, it may halt disease progression. 
Unfortunately, in a biological terrorism scenario, many 
of the initial presenting patients might not receive 
appropriate initial care. Furthermore, in a large attack, 
the number of patients might far outnumber available 
ventilators and intensive care capabilities, thereby quickly 
overwhelming a city’s capabilities for care. Steps have been 
taken to remedy these shortfalls, with stocks of ventilators 
and antitoxin being acquired for the National Strategic 
Stockpile overseen by the CDC. 

Preexposure prophylaxis using an IND pentavalent 
(A-E) botulinum toxoid vaccine was given to approxi- 
mately 8,000 soldiers during Operations Desert Shield and 
Desert Storm deemed at particularly high risk of exposure. 
It has been offered to researchers at occupational risk. The 
toxoid produces serum antitoxin levels that correspond to 
protective levels in animal models. However, in recent 
years, aging stocks have been declining in potency against 
several serotypes; the vaccine is given as an IND with a 
warning that it may not be completely protective. The 
DOD is developing a bivalent recombinant vaccine against 
serotypes A and B, and the National Institutes of Health is 
developing a recombinant vaccine against serotype E. 


TULAREMIA 


Francisella tularensis, the etiological agent of tularemia, 
is a gram-negative, aerobic, nonmotile coccobacillus. 


Tularemia is acquired through skin or mucous membrane 
contact with the body fluids or tissues of infected animals, 
or from being bitten by infected deerflies, mosquitoes, or 
ticks. Tularemia can also occur following the ingestion 
of contaminated foods or water, by the inhalation of 
contaminated dusts, or by aerosols generated by handling 
or processing carcasses of infected animals. Tularemia is 
relatively uncommon in the United States, with less than 
150 cases reported per year. 

F. tularensis was weaponized during the US offensive 
biowarfare program. The organism has several features 
that make it a feasible weapon. It is stable in aerosols, and 
can be milled to the proper 1- to 5-um particle size for ef- 
fective delivery. F. tularensis has been predicted to spread 
downwind effectively in modeling studies (78), and out- 
breaks have been linked to environmental aerosols (79). 
Unlike B. anthracis, which has an infectious dose of thou- 
sands of spores, F. tularensis can cause illness with as few 
as 10 to 50 organisms. 

Clinical manifestations of tularemia depend on the 
route of exposure. Pneumonic and typhoidal tularemia 
would be expected after an intentional release by aerosol. 
Following an incubation period of 2 to 10 days, symptoms 
include fever, severe malaise, substernal chest pain, cough, 
and weight loss. The case-fatality rate for untreated 
pneumonic or typhoidal tularemia is 35%. 

Rapid diagnostical testing of clinical specimens using 
DFA and PCR is available through the LRN (see subse- 
quent text). Diagnosis is confirmed by isolation of the 
organism in the blood, sputum, skin, or mucous mem- 
brane lesions, but this can be difficult because of unusual 
growth requirements and of the overgrowth of commen- 
sal organisms. Cultures of F. tularensis pose laboratory 
hazards and should be processed under biosafety level 
3 precautions; the laboratory should be alerted when 
processing specimens from suspected cases. Serological 
studies may be used for retrospective diagnosis. 

The treatments of choice are either streptomycin (30 mg 
per kg per day IM in two divided doses) or gentamicin 
(3-5 mg/kg/day IV) for 10 days. Alternatives include 
doxycycline or chloramphenicol for 14 to 21 days, or 
ciprofloxacin for 10 days (Table 35-5) (80). Person-to- 
person spread is unusual, and standard precautions are 
adequate. 

Postexposure prophylaxis with tetracycline, 500 mg 
orally four times a day for 2 weeks, has been effective if 
begun within 24 hours of exposure (81). The Johns Hop- 
kins Working Group for Civilian Biodefense recommends 
doxycycline, 100 mg orally twice a day, or ciprofloxacin, 
500 mg orally twice a day, as postexposure prophylaxis 
following a biological attack (Table 35-6) (80). 

An IND live attenuated vaccine is used to protect 
laboratory workers at the U.S. Army Medical Research 
Institute for Infectious Disease (USAMRIID)(82). Given 
its IND status, its limited availability, and the short 
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D TABLE 35-5 Therapy of Bioterrorism-Associated Tularemia 


Primary Option Alternatives 
Adults Streptomycin 1 g IM twice daily Doxycycline 100 mg IV twice daily or 
Ür 200 mg IV once daily 
Gentamicin 5 mg/kg IM or IV once daily Or 
Ciprofloxacin 400 mg IV twice daily 
Or 
Chloramphenicol 15 mg/kg IV four times daily 
Pregnant women Gentamicin 5 mg/kg IM or IV once daily Ciprofloxacin 400 mg IV twice daily 
Or Or 
Streptomycin 1 g IM twice daily Doxycycline 100 mg IV twice daily 
Children Streptomycin 15 mg/kg IM twice daily (maximum daily dose 2 g) Doxycycline 


Or 


Gentamicin 2.5 mg/kg IM or IV three times daily 


If >45 kg, give adult dose; if <45 kg give 

2.2 mg/kg İV twice daily (maximum, 200 mg/d) 
Or 
Ciprofloxacin 15 mg/kg IV twice daily 
Chloramphenicol 15 mg/kg IV four times daily 


Recommended duration of therapy is 10 days for streptomycin, gentamicin, or ciprofloxacin, or 14—21 days for 


doxycycline or chloramphenicol. 


Adapted from Inglesby TV, Dennis DT, Henderson DA, et al. Tularemia as a biological weapon—medical and public 


health management. JAMA 2001,285:2763—2773, with permission. 


incubation and nontransmissibility of tularemia, the 
vaccine is not recommended as a public health measure 
in a BT context (80). 


VIRAL HEMORRHAGIC FEVERS 


Viruses causing hemorrhagic fevers come from the fol- 
lowing four different families of RNA viruses: filoviruses 
(Ebola and Marburg), arenaviruses (Lassa fever), bun- 
yaviruses (Hantavirus, Crimean-Congo hemorrhagic fever, 
and Rift Valley fever), and flaviviruses (yellow fever and 
dengue). The diseases are host-specific, and are found 
in various parts of the world based on the location of 
their reservoirs and the disease-specific vectors. Viral 


hemorrhagic fevers are concerns as biological weapon 
threats because of the ability to infect through aerosol, their 
high morbidity and mortality, and their ability to replicate 
incell culture, making large-scale production possible (83). 

A viral hemorrhagic fever is a clinical syndrome with 
clinical features related to damage to the microvasculature 
resulting in increased vascular permeability. Patients may 
initially note fever, myalgias, fatigue, and malaise. Depend- 
ing on the virulence of the virus, inoculum, the exposure 
route, host factors, the patient’s symptoms can evolve to 
shock and generalized mucous membrane hemorrhage 
with neurological, hematological, or pulmonary compli- 
cations. Examination may reveal hypotension, injected 
conjunctivae, petechiae, and ecchymoses, depending on 


) TABLE 35-6 Postexposure Prophylaxis of Bioterrorism-Associated Tularemia 


Primary Option 
Adults Doxycycline 100 mg orally twice daily 
Or 
Ciprofloxacin 500 mg orally twice daily 
Doxycycline 100 mg orally twice daily 
Or 
Ciprofloxacin 500 mg orally twice daily 
Doxycycline 


Pregnant women 


Children 


Alternatives 


Chloramphenicol 25 mg/kg orally four times daily 


Chloramphenicol 25 mg/kg orally four times daily 


Chloramphenicol 25 mg/kg orally four times daily 


If >45 kg, give adult dose; if <45 kg give 2.2 mg/kg orally 


twice daily (maximum, 200 mg/d) 
Or 
Ciprofloxacin 20 mg/kg orally twice daily 


Recommended duration of prophylaxis is 14 days. 


Inglesby TV, Dennis DT, Henderson DA, et al. Tularemia as a biological vveapon —medical and public health 


management. JAMA 2001;285:2763—2773, with permission. 
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the severity and stage of illness. Mortality varies from 15% 
in Argentine hemorrhagic fever to as high as 90% in an 
Ebola outbreak. 

Viral hemorrhagic fevers should be considered in 
anyone presenting with a severe febrile illness and 
evidence of vascular compromise, such as hypotension, 
petechiae, easy bruising and bleeding, and dependent 
edema. Common laboratory features include thrombocy- 
topenia, leukopenia, proteinuria, hematuria, and elevated 
transaminase levels. In a field setting, a positive tourniquet 
test may be useful, but is not specific for viral hemorrhagic 
fevers. The differential diagnosis includes malaria, typhoid 
fever, rickettsial diseases, leptospirosis, and meningococ- 
cemia, as well as noninfectious conditions that may cause 
disseminated intravascular coagulation. 

The hospital laboratory should be alerted when process- 
ing specimens from patients with suspected hemorrhagic 
fevers; routine laboratory tests should be done under 
biosafety level 3 conditions. To reduce the hazard to 
laboratory personnel, serum to be used for routine labo- 
ratory tests can be pretreated with a combination of heat 
treatment at 132°F (56°C) and polyethylene glycol p-tert- 
octyphenyl ether (10 uL of 10% Triton X-100 per 1 mL 
of serum for 1 hour). For assays that may be rendered 
invalid by the presence of a detergent, heat inactivation 
alone may be considered (84). 

Diagnosis can be confirmed with immunoglobulin M 
(IgM)-specific ELISA, reverse transcriptase PCR, or viral 
culture. In a BT context, samples are to be forwarded 
through the LRN (see subsequent text). Pretreatment 
should not be done on specimens submitted for viral cul- 
ture. Specialized laboratory containment under biosafety 
level 3 or 4 is usually required for viral isolation. Cultures 
can be performed at the CDC or at the (USAMRIID, Fort 
Detrick, Frederick, MD). 

Treatment is primarily supportive; however, intra- 
venous ribavirin (IND) reduces mortality in patients with 
Lassa hemorrhagic fever, and has demonstrated promise 
with Argentine hemorrhagic fever (Junin virus), hemor- 
rhagic fever with renal syndrome, and Crimean-Congo 
hemorrhagic fever (84). There are no known effective 
antiviral therapies for Ebola and Marburg hemorrhagic 
fevers. 

Infection control measures for viral hemorrhagic fevers 
are of particular importance. Patients should wear a face 
mask to contain respiratory droplets during transport to 
and from their rooms. Contact and droplet precautions 
with the patient in a private room are generally ade- 
quate for infection control. Gloves, gowns, and face masks 
should be used by all persons entering the room, and eye 
protection (goggles or full face shield) should be worn by 
persons coming within 3 feet of the patient. Plastic aprons, 
leg, and shoe coverings may be needed in the setting of co- 
pious blood, vomitus, stool, or other body fluids. A negative 
airflow room and airborne precautions may be considered 


for patients with significant pulmonary involvement, or 
those who are to undergo respiratory procedures such 
as bronchoscopy, endotracheal suctioning, or treatments 
with nebulized medications. A list of all persons enter- 
ing the room should be maintained; nonessential staff 
and visitors should be restricted. Percutaneous or muco- 
cutaneous exposures to blood or body fluids should be 
addressed immediately with irrigation, to be followed by 
3 weeks of active surveillance. Expert medical consulta- 
tion is advised for persons who develop a fever within 
3 weeks of exposure (85). 

Yellow fever vaccine is the only licensed vaccine for a 
viral hemorrhagic fever. IND vaccines have been used to 
protect laboratory workers against Rift Valley fever and 
Argentine hemorrhagic fever. 


RESPONSE ELEMENTS 


Even a small-scale biological attack with a weapons-grade 
agent on an urban center could cause massive morbidity 
and mortality, rapidly overwhelming the local medical 
capabilities. For example, an aerosolized release of as 
little as 100 kg of anthrax spores upwind of a city the size 
of Washington, D.C. may have the potential to cause up to 
3 million deaths (86). Planning for mass casualty disasters 
in the past has been directed toward explosions or 
chemical releases (26). These occur sporadically as a result 
of industrial spills and accidents, fires, train or air crashes, 
and other disasters. No simple solution to the problem of 
biological defense, which requires a different approach 
with multiple defense strategies, has been formulated. 
The strategies that must be incorporated include accurate 
threat intelligence, physical countermeasures, medical 
countermeasures, and the education and training of 
physicians and ancillary health care providers, including 
first responders. 

US intelligence organizations attempt to provide early 
warning and interdiction of an imminent terrorist attack 
by gathering information on state-sponsored programs, 
terrorist groups, doomsday cults, and others that would 
use biological agents. Numerous countries have been 
suspected of conducting research in biological weapons. 
Concern that terrorist organizations could obtain exper- 
tise or agents from state-sponsored programs has been 
voiced, but remains unconfirmed (19,20,87). 

Environmental detection of biological agents is more 
difficult than the detection of chemical agents. No effec- 
tive real-time biological agent detector is readily available, 
although research continues. Current technology includes 
devices such as the Portal Shield, a detector that samples 
the air continuously at a rate of 900 L per minute and 
concentrates particles of 1 to 10 um. When these particles 
reach a threshold concentration, eight different antibody- 
based rapid assays screen the sample with turnaround 
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times of approximately 10 minutes. Confirmatory testing 
must be performed at a reference laboratory. The mili- 
tary is evaluating and fielding similar types of detectors. 
Another technology being evaluated uses laser-induced flu- 
orescence to detect clouds with uniform particle sizes in 
the 1 to5 um range, at distances of 30 to 100 km. These de- 
vices can reportedly differentiate a biological aerosol from 
smoke, fog, industrial pollution, pollen, and so on and 
offer a promising alternative for future advanced stand- 
off detection systems. For the foreseeable future, these 
systems will be used primarily for military operations. 

Unfortunately, due to the scarcity of real-time detection 
equipment, an attack would probably not be identified in 
time to institute personal protection; however, if it were, 
an N95 mask or full face respirator should provide res- 
piratory protection. Other measures, such as a protective 
suit, are not necessary because intact skin provides an 
impermeable barrier to biological weapon agents, except 
for the mycotoxins, which are dermally active. 

Once an outbreak evolves, an epidemiological surveil- 
lance system is critical to determine whether the outbreak 
is natural or intentional. A number of epidemiological 
clues that should raise suspicion of an unnatural out- 
break are listed in Table 35-7 (88). Suspected BT attacks 
should be reported to local health departments, the CDC, 
local law enforcement agencies, and the Federal Bureau 
of Investigation. 

In contrast to a chemical attack, the decontamination 
of exposed persons plays a minor role in a biological 
terrorism scenario. Aerosolized biological agents leave lit- 
tle residue, and are not dermally active; health hazards 
are posed by what was inhaled, rather than what was 
deposited on skin or clothing. On-site personal decontam- 
ination is reserved for those with gross contamination; 


otherwise, exposed individuals are advised to go home, 
take a soap and water shower, and change clothing; these 
simple measures will remove more than 99.9% of the 
agent (48). Because of the incubation period of biological 
agents, BT victims will probably have already washed and 
changed clothes by the time they become ill; therefore 
decontamination is not needed on hospital admission. 
Biological aerosols with particle sizes ranging from 
1 to 5um deposit very little residue on environmental 
surfaces. These particles tend to adhere to surfaces and 
to larger particles due to electrostatic and van der Waals 
forces. The generation of a hazardous secondary aerosol 
in an outdoor environment by wind, vehicular traffic, or 
other mechanical agitation is quite low in the absence 
of gross contamination. Empirical analyses by Chinn and 
United States Army scientists in Utah have demonstrated 
no significant reaerosolization on active roads or runways 
that are contaminated with 1 million bacillus spores per 
square meter (91). The environmental decontamination 
of large outdoor areas should be evaluated on a case- 
by-case basis with proper consultation. However, heavily 
contaminated indoor environments and fomites may pose 
reaerosolization hazards. Some of the inhalational an- 
thrax cases in the Brentwood mail facility may have been 
due to secondary aerosols (38). In addition, exposure to 
cross-contaminated mail items has been suggested as the 
probable cause of two otherwise unexplained inhalational 
anthrax cases during the 2001 BT attack (29,30,89,90,92). 
Contaminated indoor environments should be evacuated 
and ventilation systems inactivated. Environmental as- 
sessments and decontamination should be performed by 
designated response teams. Remediation of the mail facili- 
ties, media centers, and the Hart Senate Building afflicted 


) TABLE 35-7 Epidemiological Clues Indicating a Potential Biological Weapons 


Attack (82,89,90) 


A point source outbreak with a steep epidemiological curve 


Severity of a disease higher than usual 


Lack of improvement from common treatment modalities 
Unusual presentation or unusual route of exposure of a disease 
Unusual disease for a geographical area or season (especially in the absence of a competent vector) 


Multiple simultaneous or successive outbreaks 


Higher attack rates in unprotected areas/lower rates in areas with filtered air supplies 


A downwind pattern of casualty location 


Reverse spread of a zoonotic disease from man to animals 

Similar genetical typing of a pathogen isolated from different sources 
Intelligence sources indicating an adversary with access to agents 
Direct evidence of a release (equipment, munitions, tampering) 


Evans ME, Friedlander AM. Tularemia. In: Sidell FR, Takafuji ET, Franz DR, eds. Medical aspects of chemical and 
biological warfare. Textbook of military medicine series. Washington, DC: Borden Institute, 1997:503—512. 
Available at http://www.nbc-med.org/SiteContent/HomePage/WhatsNew/MedAspects/contents.html. 
Accessed 13 August, 2005; Griffith KS, Mead P, Armstrong GL, et al. Bioterrorism-related inhalational anthrax in 
an elderly woman, Connecticut, 2001. Emerg Infect Dis 2003;9:681—688; Holtz TH, Ackelsberg J, Kool JL, et al. 
Isolated case of bioterrorism-related inhalational anthrax, New York City, 2001. Emerg Infect Dis 2003;9:689—696. 
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) TABLE 35-8 Clinical Laboratory Specimens to Collect in a 
Suspected Biological Attack 


0-24h 


Nasal/throat swabs or induced respiratory secretions for culture, FA, or PCR 


24-72 h 
Serum for toxin assays 
Blood for PCR, culture 
Sputum for FA, PCR, culture 
3-10 d 


Serum for toxin assays, IgM or IgG agglutination titers 


Blood and tissues for culture 
Pathology samples 


Abbreviation: FA, fluorescent antibody; PCR, polymerase chain reaction; IgM, 
immunoglobulin M; IgG, immunoglobulin gamma. 
These are general recommendations for specimen collection. Diagnosis of certain 


diseases may require specific samples. 


Griffith KS, Mead P, Armstrong GL, et al. Bioterrorism-related inhalational anthrax in an 
elderly woman, Connecticut, 2001. Emerg Infect Dis 2003,9:681-—688. 


by the 2001 anthrax mailings required lengthy, expen- 
sive, and potentially toxic procedures for assessment and 
decontamination (90,92-94). 

Early diagnosis is critical to saving lives after a bio- 
logical weapon release. Unfortunately, clinical diagnosis 
is often difficult because many of these diseases present 
initially as undifferentiated febrile illnesses. Laboratory 
confirmation is critical; it is essential to engage the CDC’s 
LRN for BT early when faced with a possible BT attack. 
Guidance for obtaining, handling, and shipping speci- 
mens is available by calling (888) 246-2675 or accessing 
http://www.bt.cdc.gov/agent/anthrax/faq/labtesting.asp. 
Specimens that should be obtained are listed in Table 35-8. 
Most laboratories can do initial evaluation with light 
microscopy, primary bacterial culture, and serology; 
initial isolates and selected specimens are forwarded to 
designated LRN laboratories. Rapid antibody-based assay 
detector kits that can provide presumptive identification 
within 30 minutes have been developed by the military 
and civilian sectors. Problems include poor specificity and 
sensitivities requiring inocula higher than the infectious 
dose. Antibody-based and handheld assays must have 
appropriate confirmatory laboratory backup with culture 
studies. PCR and specific DNA probes are available in 
designated LRN laboratories. A gene amplification assay 
that fits in a briefcase has been developed by USAMRIID. 
A handheld version is in advanced development. 

Standard precautions are generally adequate to prevent 
transmission of disease to health care providers from a 
patient infected by a biological weapon because most of 
the agents are not contagious. Additional transmission- 
based precautions are needed for smallpox, pneumonic 
plague, and viral hemorrhagic fevers, as discussed in their 
respective sections. 

The remains of BT victims may pose hazards to 
pathologists, medical examiners, coroners, morticians, 


and mourners. Appropriate personal protection should be 
used during the performance of autopsies. Recommended 
equipment includes gowns, caps, eye protection, and 
respiratory protection with either an N95 mask or a pow- 
ered air-purifying respirator equipped with N95 or higher 
filters. Remains of BT victims should not be embalmed be- 
cause of risks to mortuary personnel. Unembalmed bodies 
infected with Y. pestis or F. tularensis may be safely buried, 
but those infected with sporulating or highly infectious 
agents (e.g., B. anthracis, hemorrhagic fever viruses, small- 
pox virus), should be cremated. If cremation is not an op- 
tion, burial in a hermetically sealed casket is advised (95). 

Biological agents cause diseases that are not part of 
everyday clinical practice, and, until recently, not empha- 
sized in medical school curricula; therefore, preparation 
for a biological attack includes the education of health 
care providers (96). Because they may be the first to see 
patients, physicians and other health care providers must 
become familiar with the syndromes associated with BT. 
Unfortunately, recent efforts to this end have reached 
only a small percentage of physicians in the United 
States. The Nunn-Lugar-Domenici 120-city domestic pre- 
paredness training program has had difficulty attracting 
physicians. The USAMRIID satellite distance learning pro- 
gram reached more than 50,000 health care providers over 
a 4-year period (1997-2001) at a very efficient cost per 
provider, but is no longer being broadcast. Training and 
education for the medical and first response communities 
pose open-ended challenges. Resources include the Med- 
ical Aspects of Chemical and Biological Warfare, part of 
the Textbook of Military Medicine series (97), and USAM- 
RIID’s pocket “blue book” on the treatment of biological 
weapons casualties (98). Several journals have dedicated 
issues to the subject of biological weapons (99-101), and 
the JAMA has a series of consensus articles arranged by 
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) TABLE 35-9 Selected Internet Addresses for İnformation on Biological 


Response 


http://www.oep-ndms.dhhs.gov (Office of Emergency Preparedness) 


http://www.cdc.gov (general CDC information) 


http://www.bt.cde.gov (CDC information on bioterrorism and response) 
http://www.nbc-med.org (U.S. Army's nuclear, chemical, biological weapon information site) 
http://www.usamriid.army.mil (U.S. Army Medical Research Institute of Infectious Diseases) 
http://www.anthrax.osd.mil (Department of Defense anthrax information) 
http://www.vaccines.army.mil (Department of Defense smallpox and anthrax vaccine programs) 
http://www. idsociety.org (Infectious Diseases Society of America) 

http://www.apic.org (Association of Practitioners of Infection Control) 
http://www.hopkins-biodefense.org (Johns Hopkins Center for Civilian Biodefense) 


Abbreviation: CDC, Centers for Disease Control and Prevention. 


the Johns Hopkins University Center for Civilian Biode- 
fense (42,61,70,77,80,83). Information is also available on 
the Internet (Table 35-9). 

Preparation for and response to a biological attack 
requires resources beyond the capabilities of most local 
governments (102). The federal government took sub- 
stantial measures toward national preparedness with the 
Presidential Decision Directives (PDD) 39 (1995) and PDD- 
62 and PDD-63 (1998). These directives formalize the 
Federal Response Plan (now designated as the National 
Response Plan [NRP]) by defining responsibilities and 
relationships among federal agencies responding to a dis- 
aster. The NRP gives the responsibility for oversight of 
health and medical services to the DHHS. The Office 
of Emergency Preparedness of DHHS has organized three 
echelons of medical response teams, namely, the 0-minute 
to 90-minute response Metropolitan Medical Response 
System (125 jurisdictions are funded), the 4-hour response 
national medical response teams, and the 8-hour to 16- 
hour response disaster medical assistance teams. Two 
other teams combine civilian law enforcement, labora- 
tory capabilities, and medical consultation. The domestic 
emergency support team, headed by the Federal Bureau 
of Investigation, and the foreign emergency support team, 
headed by the State Department, are available to respond 
to domestic or foreign disasters, respectively. 

The DOD has been given multiple responsibilities in 
the NRP to support civilian governmental agencies. Mil- 
itary assets are integrated and coordinated through the 
DOD Joint Task Force-Civil Support. Unique military as- 
sets that would be helpful include the USAMRIID for 
emergency medical consultation and reference laboratory 
support; the United States Marine Corps’ Chemical and 
Biological Incident Response Force for reconnaissance, 
initial triage, and the decontamination of casualties; and 
the United States Army’s 20th Support Command, which 
can call upon the Army Technical Escort Unit for sam- 
pling, transport, and disposal of dissemination devices, 
and medical management experts at USAMRIID to provide 
incident on-site consultation. The military has also fielded 


six regionally based Chemical/Biological Special Medical 
Augmentation Response Teams (SMART-CB), that can 
deploy within 12 hours to assist local civilian authorities. 
Finally, the National Guard is assembling 55 state-based 
weapons of mass destruction (WMD)-civil support teams 
of 22 full-time personnel, and 12 regional Chemical/ 
Biological/Radiological/Nuclear/Explosive Enhanced Re- 
sponse Packages of 100 to 120 personnel to provide 
extraction, decontamination, and medical care to WMD 
casualties. Federal detection and response assets are most 
effective if they are prepositioned on-site for high-profile 
events, such as the Olympic Games and presidential in- 
augurations. If intelligence sources indicate a heightened 
threat level for other venues, similar prepositioning and 
increased vigilance can occur. The CDC has established 
a center for BT response to enhance existing state public 
health laboratories, improve surveillance systems, and to 
enhance rapid communication and coordination. A na- 
tional stockpile of key pharmaceutical agents has been 
prepared. The CDC’s emergency preparedness and re- 
sponse branch has a 24-hour help line (770-488-7100). The 
United States Army has a 24-hour hotline for consultation 
(800-424-8802), and USAMRIID experts are available for 
consultation at 888-USA-RIID (888-872-7443). 

Farsighted emergency planning and training, integrat- 
ing federal and local medical, public health, and law 
enforcement agencies, were essential to the response to 
the 2001 anthrax mailings. Preparations included plans for 
local incident command, coordinated clinical response, 
surveillance, and massive distribution of postexposure 
prophylaxis at multiple distribution centers designed for 
efficient screening, triage, distribution, and documenta- 
tion. These preparations, in New York and other cities, 
enabled an unprecedented public health response; the 
LRN processed more than 125,000 clinical specimens 
and 1 million environmental samples; prophylaxis sup- 
plied from the national stockpile was offered to nearly 
10,000 individuals at risk. BT response has since been 
strengthened with additional infrastructure and linkages 
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betvveen the emergency response, public health, clinical, 
and laboratory sectors (101,103). 


SUMMARY 


In a biological attack, local, state, and federal assets must 
work together to mitigate the crisis. As organizations 
reevaluate the current multifaceted efforts at improving in- 
telligence, detection, surveillance, diagnostics, treatment, 
and response team capabilities, law enforcement, medical, 
and public health professionals should enhance areas of 
potential response needs and should continue to minimize 
lives lost through a coordinated response. 
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Tactical Emergency Services 


David W. Callaway 


“People sleep peaceably in their beds at night only because 
rough men stand ready to do violence on their behalf.” 
George Orwell 


During the last 4 years, civilian law enforcement 
agencies have taken an increasingly aggressive posture 
against violent criminals. Emerging threats such as 
domestic terrorism and illegal drug trafficking place 
special operations officers at increased risk. Diverse 
ethical, medical, physical, and legal issues challenge 
the care provider in austere and hostile environments. 
The men and women who operate in these situations 
routinely place themselves in harm’s way to protect 
our communities and preserve our way of life. Tactical 
emergency medical support (TEMS) has evolved to meet 
the challenges faced by these public servants. 

TEMS is an out-of-hospital system of care dedi- 
cated to enhancing the probability of special operations 
law enforcement mission success and promoting public 
safety (1-14). TEMS draws upon the principles of wilder- 
ness medicine, disaster response, urban search and rescue 
(USAR), and conventional emergency medical services 
(EMSs) to create a system of care that enhances law en- 
forcement mission success and maximizes the clinical 
outcome for casualties in a resource-poor, prolonged- 
transport environment while minimizing the threat to 
the provider. TEMS encompasses a broad spectrum of 
medical services modified in structure and function to 
operate in the tactical environment. Unlike conventional 
EMSs, TEMS encompasses health maintenance, preven- 
tive medicine (e.g., immunizations, sleep hygiene, and 
physical fitness), medical threat assessments and intel- 
ligence gathering, environmental reconnaissance, emer- 
gency point-of-injury care, and coordination of care with 
local medical assets. 

Since its ad hoc inception in the 1960s to support 
special weapons and tactics (SWAT) operations, TEMS 
has evolved into a formal subspecialty within emer- 
gency medicine. Professional support for TEMS has mir- 
rored this growth, beginning within the law enforcement 


community and expanding into the medical arena. Broad 
support for TEMS now exists within both communities. 
The National Tactical Officers Association (NTOA), founded 
in 1983 to promote SWAT, was the first to identify the 
need for improved medical care in high-risk operations. 
In 1993, NTOA endorsed TEMS as “an important element 
of tactical law enforcement” and began to aggressively 
promote training of tactical medics (15). 

The September 11 terrorist attacks sparked efforts 
within the emergency medical community to expand 
and improve tactical medical training within the spe- 
cial operations law enforcement community. In October 
2001, the National Association of Emergency Medical Ser- 
vice Physicians (NAEMSPs) formally endorsed integrating 
EMS capabilities into law enforcement special operations. 
With regard to EMS-TEMS, the NAEMSP task force called 
for formalization of educational standards that meet the 
needs of field medical providers in the tactical environ- 
ment, and the development, validation, and implementa- 
tion of a national scope of practice for TEMS (16). In 2005, 
the American College of Emergency Physicians (ACEP) ex- 
panded upon these recommendations, encouraging the 
establishment of funding for personnel, equipment, and 
training at local, state, and federal levels as well as the 
drafting evidence-based tactically oriented clinical care 
standards (17). 

The Tactical Combat Casualty Care (TCCC) guidelines, 
published in the sixth edition of Prehospital Trauma Life 
Support (PHTLS) Manual, are currently considered to 
be the standard of care for military tactical medicine 
(personal communication, F. Butler Command surgeon, 
US special operations command. October, 2005). Both 
the American College of Surgeons (ACS) and the National 
Association of Emergency Medical Technicians (NAEMT) 
endorse the TCCC guidelines (18). Although military and 
law enforcement special operations are unique, many op- 
erational and medical services exist. The TCCC guidelines 
represent a strong starting point for standardization of 
TEMS protocols. 
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THE NEED FOR TACTICAL EMERGENCY 
MEDICAL SUPPORT 


Lavv enforcement special operations personnel operate in 
an inherently high-risk environment. In 2003, there were 
more than 58,000 assaults on police officers, resulting in 
16,000 injuries and 52 felonious deaths in the line of duty. 
Most were killed with firearms (45 of 52) and more than 
half (31 of 52) were wearing body armor (19). 

In law enforcement, “special operations” denotes those 
activities that are too dangerous, too complex, and/or 
too technologically sophisticated to be assigned to uni- 
formed patrol units (20). Special teams that emphasize 
rigorous training, swift and coordinated action, stealth, 
and violence of action are required for mission success. 
These teams employ advanced technologies such as less 
lethal weapon systems, military grade weaponry, ballis- 
tic armor, remote imaging, and acoustic capture devices. 
The teams are composed of dedicated volunteers who 
are generally the best and the brightest in law enforce- 
ment. Special operations units are diverse and include 
SWAT, special response teams (SRT), hostage rescue teams 
(HRT), counter-assault teams, and emergency response 
teams. The principles of TEMS apply to all these units 
as well as other specialty teams such as dignitary pro- 
tection, dive rescue, USAR, explosive ordnance disposal 
(EOD), and certain teams of the Department of Homeland 
Security (DHS). 

Special operations units are facing increasingly com- 
plex and explosive operational challenges such as large- 
scale terrorist attacks, coordinated and heavily armed 
opposition, sniper attacks, hazardous clandestine drug lab 
raids, and natural disaster with generalized civil unrest. 
Members of SWAT teams are at highest risk with 33 in- 
juries per 1,000 officer missions (21). These units routinely 
operate within hostile and, often, austere environments 
that pose unique tactical and medical challenges. Although 
traditional EMS plays an important supporting role in 
many law enforcement missions, their medical training 
is generally insufficient to address the myriad issues in 
a tactical environment. During complex or high-risk spe- 
cial operations missions non-TEMS personnel may sow 
confusion and chaos, resulting in an increase in casualty 
mortality and mission failure. 

TEMS providers must be knowledgeable about law 
enforcement tactics, mission objectives, lethal and non- 
lethal weapons, communications systems, surveillance 
equipment, and numerous legal issues. Furthermore, they 
must be comfortable operating in an inherently unsta- 
ble and often ethically complex environment. Many large 
urban SWAT units, the federal Drug Enforcement Agency 
(DEA), the Federal Bureau of Investigation (FBI), HRT, 


and the Department of Defense (DOD) understand the 
need for tactically trained medical personnel and are 
implementing aggressive training programs within their 
units (22,23). 

The benefits of a comprehensive integrated tactical 
medicine program extend beyond improving the proba- 
bility of mission success. First, a well-managed TEMS 
program reduces morbidity and mortality among officers, 
innocents, and perpetrators. In special operations law en- 
forcement, manpower is the most precious resource of any 
team. Tactical team members possess expertise, qualifica- 
tions, and certifications that require years of training and 
cost thousands of dollars; lesser-trained police officers 
cannot readily replace them and maintain operational 
efficiency. As a result, tactical teams must often work 
short-handed if a member is injured. Also, fewer line-of- 
duty and training injuries result in a reduction of lost work 
hours and lower disability costs for the public safety agen- 
cies. Second, the provision of far-forward medical care can 
enhance an agency’s position in an already liability-prone 
situation. The actions of the tactical team invariably con- 
tribute to the management of hazard. Failing to provide 
medical coverage or response for that hazard may create li- 
ability for the law enforcement agency. The United States 
military demonstrated the effectiveness of this concept 
during Operation Iraqi Freedom with forward deployed 
surgical capabilities. The forward surgical units saved 
scores of American lives and dramatically boosted the 
morale. Further, they routinely performed surgery on 
Iraqi civilians and enemy combatants, resulting in im- 
proved public relations and intelligence gathering. Third, 
a comprehensive TEMS program improves interagency 
cooperation. Increasingly, federal and state agencies are 
participating in joint missions, specifically in antiterror- 
ism, counter-narcotics, and disaster response. Although 
all units are unique, TEMS personnel speak a com- 
mon language and have similar training backgrounds. 
This understanding can serve as a bridge between op- 
erational units and facilitate both mission success and 
mission-related emergency medical care. Fourth, TEMS 
can improve overall community health. TEMS provides 
a direct link between law enforcement and local or re- 
gional medical resources. This relationship can serve as 
the impetus for improved communication and more effi- 
cient disaster response planning. Finally, a comprehensive 
integrated TEMS program can significantly boost team 
morale. Tactical operators are expected to take enormous 
risks and function in dangerous environments. Knowing 
that their TEMS personnel will provide the best medi- 
cal care immediately enhances significantly the operator's 
willingness to engage in the mission fully, when life-and- 
death decisions must be made in a fraction of a second. 
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THE DIFFERENCES BETWEEN 
TACTICAL AND CONVENTIONAL 
EMERGENCY MEDICAL SERVICES 


The tenets of conventional EMS and tactical EMS are 
built upon many of the same philosophical pillars: virtue, 
justice, compassion, teamwork, and medical care without 
judgment. The principal difference between TEMS and 
conventional EMS lies in the context within which medical 
decisions are made. Scene security, severity of the envi- 
ronment, and availability of medical equipment are key 
modifiers of the medical assessment and treatment plan. 

Scene safety illustrates the most significant philosoph- 
ical difference between EMS and TEMS operations. EMS 
doctrine emphasizes scene and rescuer safety as a priority 
over patient care. Training is focused on avoiding danger- 
ous situations rather than conducting effective operations 
in unsafe or volatile environments (14). However, tactical 
operations are routinely conducted in austere or hostile 
environments with high potential for violence and injury. 
Although provider safety is a concern, mission success is 
the ultimate objective. In contrast to conventional EMS 
doctrine, the tactical medic must provide concise and of- 
ten limited medical interventions while under fire or in 
harm’s way. Although many of the basic medical skill 
sets are similar, TEMS personnel must receive specialized 
training to operate effectively in the tactical environment. 

Conventional EMS training emphasizes care that is am- 
bulance based (14,18). This standard assumes that patient 
care will occur within proximity to an ambulance, there 
is ready access to shelter, adequate supplies and support 
exist, and environmental factors are not prohibitive. The 
tactical medic must often operate outside these param- 
eters. In the tactical environment, stealth and speed are 
critical. Often, the TEMS provider must maintain light 
and noise discipline while providing care with the limited 
medical supplies. 

The scope of practice for the unconventional medic 
and standards of care in the tactical environment are 
hotly debated. Some traditional prehospital procedures 
and practices should be modified for use in the tactical 
environment and others are unique to this special area 
of practice. Airway management, cardiopulmonary resus- 
citation (CPR), spine immobilizations, and hemorrhage 
control are key areas where conventional and tactical 
standards of care differ. 

Some have argued that cricothyroidotomy instead of 
endotracheal intubation should be the advanced airway 
of choice for tactical medics in the special operations set- 
ting (24-26). The proponents of cricothyroidotomy cite 
the medic’s lack of experience and their inability to main- 
tain currency with laryngoscopy, the technical difficulty 


of intubating in the presence of maxillofacial trauma, and 
the undesirable light signature of the laryngoscope as lim- 
iting factors. However, this proposition is not universally 
accepted, especially outside of military special operations. 
TEMS medics are generally experienced in their respec- 
tive provider level and are required by their certification 
or licensing programs to demonstrate skill currency on 
a periodic basis. Digital intubation and blind intubations 
with a dual lumen device (e.g., Combitube or King LT) 
are alternative techniques employed in TEMS. Both tech- 
niques can be performed relatively quickly with minimal 
head and neck manipulation while maintaining a low pro- 
file in a protected position. Neither technique requires the 
use of white light and, in general, is less affected by blood 
and oral secretions. However, little data beyond anecdotes 
exists supporting the use of either technique in the tactical 
environment (27-29). 

Airway dysfunction is a relatively infrequent problem 
in TEMS patients, and cases requiring advanced airway 
adjuncts are rare. In one TEMS database, providers used 
adjuncts in approximately 2% of all treatments rendered 
with only one-third of these casualties surviving on 
arrival at the hospital (30). Continuous patient monitoring 
may be impossible in the warm zone, and airway 
selection should take this into consideration. However, 
endotracheal intubation or cricothyroidotomy should still 
be considered the airway of choice if mechanical airway 
obstruction secondary to trauma is the primary cause of 
respiratory embarrassment. 

As noted previously, CPR is often of limited benefit 
in tactical medical operations and should be initiated 
only after carefully considering the risks to the TEMS 
provider (18). Several factors influence the decision to 
initiate CPR. The medic must consider the origin of the 
cardiac arrest and the tactical/logistical constraints of the 
mission. The rate of successful resuscitation for trau- 
matic cardiac arrest is so low and the risk to providers 
so great that CPR is rarely justified (10,18,31,32). Even 
in patients with medical arrest, CPR merely serves as 
a bridge to defibrillation. Performing CPR in the warm 
zone is likely to subject the provider(s) to increased 
and prolonged exposure and may divert scarce medical 
resources from other mission requirements. Given the 
tactical, environmental, and logistical limitations, medics 
should consider CPR only when resources are plentiful 
and the demands on the medical and operational el- 
ements are low. Two major exceptions exist. First, if 
cardiopulmonary arrest is secondary to a primary res- 
piratory dysfunction, near-drowning, hypothermia, elec- 
trocution, or lightning injury the medic should strongly 
consider CPR, if tactically feasible. Second, if the unit has 
prepositioned an automated electrical defibrillator (AED) 
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the medic may consider CPR for other medical cardiac 
arrests. 

Conventional EMS providers are taught to immobilize 
the cervical spine with the slightest suspicion of a spinal 
column injury. This practice is reasonable in the nontacti- 
cal environment given the devastating effects of an occult, 
unstable fracture that results in spinal cord damage. In 
the tactical environment, the decisions are more com- 
plex. Proper immobilization requires at least two people 
and can take up to 5 minutes when performed by well- 
trained and experienced medics (18,27). Furthermore, in 
penetrating trauma to the neck, only 1.4% of salvageable 
casualties would benefit from cervical spine immobiliza- 
tion (CSI) (33). Therefore, the increased exposure in the 
warm zone creates an unacceptable risk to providers when 
weighed against the low probability of benefit from CSI. 
CSI should be strongly considered in blunt trauma injuries 
such as motor vehicle accidents, falls from greater than 
6 ft, or direct trauma to the head and neck (e.g., from a 
building collapse or blast injury). 


ZONES OF CARE AND ZONES 
OF OPERATION 


During tactical missions, the tactical law enforcement 
team’s concept of operation (CONOP) divides the target 
area into “zones of operation.” The teams establish an 
inner perimeter (IP) and outer perimeter (OP) as relatively 
static boundaries that define the “safe zone” (beyond the 
OP), the “warm zone” (between the OP and IP), and the 
“kill zone.” (14). For example, the team commander may 
designate the OP as the maximum line of fire danger 
area. TEMS guidelines divide the area of operation into 
“zones of care,” defined as cold, warm, or hot (10). The 
zones of care are more dynamic and influenced by minute- 
to-minute threat assessments. Accordingly, the zones of 
care may not always coincide with the zones of operation. 
TEMS personnel must understand the interrelationship 
of the two paradigms to function effectively in a tactical 
environment. Furthermore, medics must realize that the 
zones of care need not be concentric or contiguous; threat 
levels change rapidly in the tactical environment. 


Cold Zone 


The cold zone corresponds with the operational safe zone, 
beyond the OP, and is an area of relatively low risk. The 
OP isolates the incident and is manned by non-SWAT law 
enforcement personnel with the primary mission of scene 
control, event isolation, and general public safety. In gen- 
eral, little personnel protection is required in the cold zone. 

The cold zone serves as an excellent medical control 
area. Mission commanders can stage EMS and addi- 
tional medical resources in the cold zone. On protracted 


missions, such as the 51-day siege of the Branch David- 
ian Compound in Waco, Texas, in 1993, TEMS personnel 
may wish to establish medical aid stations to address ur- 
gent care and routine medical needs of the tactical team. 
In general, medical care in the cold zone should parallel 
the conventional EMS standards of advanced life support 
(ALS), basic life support (BLS), and PHTLS. However, 
increased emphasis is placed on forensic preservation of 
evidence and health maintenance. TEMS or EMS person- 
nel may perform clearance for incarceration examinations 
in the cold zone (34-39). 

Despite the relatively low risk, operators in the cold 
zone must remain vigilant. Tactical operations are com- 
plex and dynamic. The FBI reports several incidents of 
intentional ambushes on law enforcement personnel in 
the last 5 years. It is not unreasonable to imagine a 
scenario where terrorists or criminals use a barricaded 
suspect to lure law enforcement personnel to a scene and 
then ambush the responders. 


Hot Zone 


The hot zone is an area where the threat is direct and 
immediate, generally located within the operational kill 
zone. Although threat assessments are subjective, this zone 
refers to environments where scarce protection exists for 
the casualty and the medic. An officer down in the front 
yard of a building with a barricaded gunman shooting 
from a window exemplifies a typical hot zone. Operations 
within the hot zone are extremely dangerous and should 
be limited to reconnaissance and tactical team operators. 
Safe operation within the hot zone requires the use of 
personal protective equipment (ballistic helmets, goggles, 
vests, shields, boots, etc.) and tactical movements (i.e., 
light/noise discipline and the use of cover/concealment). 

Casualty response in the hot zone entails enormous 
risk. Care in the hot zone departs significantly from 
the principles of conventional ALS/BLS and more closely 
mirrors the military's TCCC guidelines. Generally, medical 
care is directed toward reducing further injury to the 
casualty, avoiding responder injury, establishing fire 
superiority, and controlling life-threatening extremity 
hemorrhage. Time should not be spent on CSI for 
penetrating neck trauma, airway management, or other 
“heroic” measures. 

Two key components of effective care in the hot zone 
are the remote assessment methodology (RAM) and the 
application of “self aid” or “buddy aid.” The RAM is an 
assessment algorithm that reduces the rate of unneces- 
sary rescue attempts (personal communication, F. Butler 
Command Surgeon, U.S. Special Operations Command. Oc- 
tober, 2005) (2-18) and is discussed at greater length, 
later in this chapter. The medical officer should evaluate 
the casualty from appropriate cover, employing the RAM 
technique before a rescue is initiated. The RAM reduces 
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some of the risk to responding personnel by limiting res- 
cue missions for mortally wounded casualties. Data from 
military operations in Iraq and Afghanistan indicate that 
operators trained in self and buddy aid decrease mortal- 
ity within the hot zone. For example, self-application of 
a tourniquet to a life-threatening ballistic injury to the 
popliteal artery could both save the operator and prevent 
the TEMS medics from unnecessarily exposing themselves 
to hostile fire. 


Warm Zone 


The warm zone is the area where a threat exists but is not 
direct or immediate. For example, in the case of the officer 
down in the front yard, the gunman may no longer be at 
the window but whether he has left the building is not 
known. Threat levels vary significantly within the warm 
zone, mandating flexible and fluid medical responses. Care 
in the warm zone is the most complex. The TEMS medic 
must be capable of critically analyzing myriad factors, 
rapidly assimilating information, and quickly weighing all 
medical decisions in terms of relative risk to the casualty 
and provider. 

In the warm zone, there is no standardized treatment 
algorithm. Many units model their response after the mil- 
itary’s TCCC guidelines (18). If tactically appropriate, care 
in the warm zone should include a rapid primary and 
secondary survey. Interventions should focus on quickly 
stabilizing the major causes of preventable traumatic 
death in the tactical environment: extremity hemorrhage, 
tension pneumothorax, and simple airway obstructions. 
Several conventional EMS interventions may be inappro- 
priate. In particular, CSI and CPR provide little benefit 
to the casualty and increase responder exposure. CSI is 
a time-consuming intervention with relatively little value 
in penetrating neck trauma (40,41). A team of two experi- 
enced paramedics requires on an average 5.5 minutes to 
perform CSI properly. This time delay and exposure may 
be deadly. Blunt trauma due to falls or vehicle crashes 
are exceptions and may warrant consideration of CSI. Ca- 
sualties of traumatic cardiac arrest do not benefit from 
CPR (10,23,42). Accordingly, CPR has a very limited role 
in tactical medical response and its consideration should 
be limited to casualties of near-drowning, electrocution, 
hypothermia, and some toxic. 


Extraction of Casualties 


Casualty movement in the tactical environment poses 
many unique challenges. Casualty extraction is a phys- 
ically demanding process that interrupts mission flow and 
potentially places the team in jeopardy. Before extracting 
any casualty, the medical officer should analyze the transit 
risk and likelihood of casualty survival (21). The transit 
risk consists of three components: time (t), route (R), and 


ability to deliver care (C). The time required to move a 
casualty to the safe zone is influenced by distance, the 
casualty’s gear load, relative threat levels of the area, and 
physical fitness of the team. In some areas of operation, the 
perpetrator may have a commanding field of fire, creating 
large hot and warm zones. For example, in the 1966 Texas 
Tower sniper incident, a former marine barricaded him- 
self on the 28th floor observation deck of the University 
of Texas Administration Building and killed people who 
were blocks away. The hot zone included much of the cen- 
tral campus and severely limited the emergency response 
efforts (43). The second component of transit risk is the 
route of travel. Zones of care are irregularly shaped, dis- 
continuous geographical areas with dynamic risk levels. 
Utilizing cover and concealment to move between “warm 
pockets” within the hot zone can limit exposure and risk 
of injury. However, extraction may require crossing lin- 
ear danger zones, in which case the value of treating in 
place must be weighed against the need for immediate 
advanced life-saving interventions. Finally, medics must 
consider their ability to deliver care during transit. Medics 
may not be able to maintain some interventions, such as 
a manual jaw thrust maneuver, if the extraction entails 
a rapid litter movement across a substantial hot zone. In 
this case, inserting an airway adjunct before movement 
may be prudent. 

The concept of transit risk can be summarized by the 
formula: 

Transit risk = t x R x C 


This formula can provide the tactical medic with a 
framework within which to judge relative risk of extraction 
in a given situation. As with most decisions in the tactical 
environment, experience and judgment are critical. 


UNIQUE ASPECTS OF TACTICAL 
EMERGENCY MEDICAL SUPPORT 


Tactical emergency medical care during special opera- 
tions law enforcement missions is a complex process 
that requires meticulous planning, extensive training, and 
focused execution. Unlike their conventional EMS coun- 
terparts, the tactical medic must understand the details 
of both emergency medicine and law enforcement. The 
unique aspects of TEMS are best discussed in the con- 
text of predeployment, deployment, and postdeployment 
operations. 


Predeployment 


“Luck favors the mind that is prepared” 
Louis Pasteur 


The predeployment phase is the most critical portion 
of any operation. During this phase, the TEMS provider 
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has three major responsibilities. First, the medic can 
function as a primary care provider for the tactical team. 
In this role, the tactical medic monitors team members 
for health conditions that may limit performance during 
missions. For example, the medic can assist in the 
early identification of over-use injuries such as rotator 
cuff tendonitis and facilitate early physical therapy. 
The medic should also serve as a preventive medicine 
officer—ensuring vaccinations, monitoring sleep cycles, 
promoting proper nutrition, and recognizing early signs of 
stress amongst the team (14). A units TEMS component 
should maintain a database with critical health-related 
information, such as vaccination status (Table 36-1). 

The TEMS provider must also function as an edu- 
cator and training advocate. There are three essential 


) TABLE 36-1 Components of the Tactical Emergency 
Medical Support Database 


1. Team medical data 
a. Personnel health issues 
b. Physical examination status 
c. Immunization status 
d. Blood type 
e. Allergies 
f. Medications 
g. Points of contact 
2. Local medical resources 
a. Hospital/trauma center 
i. Location (GPS and address) 
ii. Directions 
iii. Points of contact 
iv. Logistics (e.g., helopad) 
b. EMS/fire/police 
c. Radio frequencies 
d. Jurisdictions 
e. Intrinsic medical capabilities 
3. Local HazMat of biological/chemical/radiation issues 
4. Environmental restrictions 
a. Geography (i.e., rivers, mountains, buildings, natural 
obstacles) 
b. Flood risk 
c. Temperature or weather 
5. Mission templates 
a. Standard operating procedures (SOP) 
. Compound identification (i.e., blueprints and structural data) 
. Routes of egress 
. Logistical challenges 
. Physical challenges (i.e., operations within a subway or 
confined space) 
. Personal protective equipment (PPE) 
. After action reports (AAR) 
. Injury-specific medical information 
. List of web-based medical, tactical, and legal resources 


ono = 


Ço ÇO il ao 


Abbreviation: GPS, global positioning system, EMS, emergency medical 
service; HazMat, hazardous material. 


components to a success: medical training for medics, 
operational training for medics, and casualty response 
training for operators. Primarily, the tactical medic must 
ensure that all TEMS personnel maintain current certifi- 
cations for their respective levels of care (i.e., BLS, ALS, 
and Advanced Trauma Life Support [ATLS]). Furthermore, 
TEMS medical personnel should participate routinely in 
non-TEMS medical activities to maintain vital skills such 
as patient assessment, intravenous life placement, and 
medication administration. The tactical medic must also 
ensure that all medical providers are adequately trained 
in basic law enforcement skills, such as weapons safety, 
communications, and tactical operations. The TEMS com- 
ponent must be incorporated into most, if not all, tactical 
training exercises. Teams must endorse the “daily routine” 
doctrine that is a fundamental axiom of disaster response: 
activities that are practiced routinely will function reason- 
ably well during a crisis, whereas those actions taken only 
in response to a disaster will generally fail (44). Or, more 
simply, practice how you will play. The tactical medic 
should also advocate trauma response training for all tac- 
tical operators. Currently, all US Military Special Forces’ 
operators must pass the TCCC course before deployment 
(personal communication, F. Butler Command Surgeon, 
U.S. Special Operations Command. October, 2005). Law 
enforcement personnel should possess a similar level of 
training to manage the most basic and common medical 
challenges encountered in the tactical environment. 

Finally, the tactical medical officer plays an essential 
role in mission planning (21,45). Casualties can occur even 
in the most well planned and executed mission. The TEMS 
provider must collect and assimilate medical intelligence, 
coordinate all organic and outside medical assets, draft 
premission briefs for the unit commander, and ensure that 
standard operating procedures (SOP) exist for casualty 
treatment and evacuation. 


Deployment 
Emergency Care 


The tactical medic must understand the principles of 
conventional emergency medical care and know when 
to depart from these standards. In the special operations 
environment, the medic must take emergency medical 
decisions rapidly based on the concepts of “zones of 
care” (21). The zones utilize threat levels, risk of injury 
or illness to the operator and provider, and available 
treatment options to define trauma response protocols in 
dynamic threat areas surrounding the target. The TEMS 
provider must constantly perform risk—benefit analysis 
based on these factors when operating in the tactical 
environment. For example, CSI may not be practical, 
and may even be dangerous, when caring for a gunshot 
casualty within the perpetrator’s line of fire. 
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Barricade Situations 


Barricade situations are very common in special opera- 
tions law enforcement. “Medicine across the barricade” 
often requires that TEMS providers perform remote med- 
ical and psychological assessments or assist in medical 
care with limited information. Often, a telephone or ra- 
dio is the only means of patient assessment. In certain 
circumstances, the medic may employ remote sensing 
technologies (e.g., acoustic capture devices or night vision 
goggles) or robotic adjuncts to gather additional medical 
information. The tactical medic must be adept at mak- 
ing critical decisions with limited information. The medic 
provides an assessment to the unit commander and can 
significantly influence operational decisions (e.g., decision 
to attempt a rescue of a critically injured teammate). 


Hazardous Material 


Special operations missions are more likely than conven- 
tional law enforcement to encounter hazardous material 
(HazMat) scenarios such as exposures to chemical, indus- 
trial, or infectious agents. For example, in response to the 
virulent spread of methamphetamine abuse in the United 
States, federal and local special operations units are 
increasingly raiding clandestine drug laboratories. Lab- 
oratory raids are extremely high-risk operations, with the 
risk of explosions and chemical exposures complicating all 
decisions. Methamphetamine production relies on toxic 
chemicals, such as anhydrous ammonia and hydriodic 
acid (hydrogen iodide), that are highly volatile and place 
operators at high exposure risk (46). The TEMS provider 
may be expected to advise the tactical commander on the 
risks of entry and exposure, the need for personal protec- 
tion equipment (PPE), and the techniques for monitoring 
team members, bystanders, and perpetrators (47). Fur- 
thermore, the tactical medic must understand the process 
for hasty decontamination and the challenges of treating a 
casualty in a contaminated environment. Ultimately, most 
HazMat incidents result in a multidisciplinary response 
composed of fire, police, EMS, HazMat, and special op- 
erations teams. The competent TEMS provider can serve 
as an effective liaison and help coordinate interagency 
actions. 


The Tactical Medical Assessment 


Conventional EMS training requires paramedics to per- 
form patient assessment with direct patient contact (18). 
The primary and secondary survey emphasizes inspec- 
tion, palpation, and auscultation. Physical factors such 
as tactical equipment (e.g., gloves or ballistic vests), envi- 
ronmental conditions, tactical constraints (i.e., light and 
noise discipline), and security issues (such as an incom- 
ing fire) may limit the TEMS provider's ability to conduct 


hands-on patient assessments. Accordingly, remote as- 
sessment techniques are critical in TEMS. 

The most well-known technique is the RAM devel- 
oped by the Counter Narcotics and Terrorism Operational 
Medical Support (CONTOMS) program at the Uniformed 
Services University of the Health Sciences, the DOD med- 
ical school (27). The principal purpose of the assessment 
algorithm is to maximize the opportunity to extract and 
treat salvageable casualties while minimizing the risk to 
providers. Unnecessary rescues include the following two 
categories: those in which the casualty can self-extract 
and those in which the casualty is already dead (i.e., body 
recovery). The RAM provides an organized approach to 
evaluate the totality of the circumstances from a pro- 
tected position before recommending a rescue attempt to 
the commander. 

The first step in employing a RAM is to determine if the 
area is secure. If it is, then standard care in the cold zone is 
appropriate after ensuring that the casualty cannot harm 
the medic. Operators “clear” the casualty by performing 
a body search for weapons, explosives, or booby-traps 
and providing restraints as necessary. If the area is not 
secure, the medic should utilize available intelligence and 
technology to determine if the casualty is a perpetrator 
or if he/she otherwise represents a threat. Under such 
circumstances, no intervention is indicated until the threat 
has been controlled. If the casualty is not a perpetrator, the 
medic should initiate a remote assessment and attempt 
to evaluate the nature and criticality of the casualty’s 
injury. Remote observation from a secure location is the 
first technique employed because it allows the medic to 
gather information with stealth and security. Medics may 
utilize technologies commonly available to SWAT units. 
Binoculars and night vision goggles can be used to observe 
for signs of breathing and respiratory rate (in cold weather, 
a respiratory condensation plume can often be seen from a 
patient’s mouth), presence of exsanguinating hemorrhage, 
or obvious wounds that would be incompatible with life 
(e.g., head wounds with exposed brain matter). Acoustic 
surveillance equipment can be utilized to detect speech, 
groans, or respiratory sounds. Thermal imaging can also 
be useful in certain situations. 

The decision to extract is a tactical decision made by the 
unit commander or team leader on the basis of numerous 
factors including medical recommendations. The medic 
should utilize the RAM assessment to determine whether 
the casualty is stable and indicate the level of urgency 
for extraction. After gathering this information, and 
filtering irrelevant data, the medic should present a 
concise evaluation and recommendation to the unit 
commander. If the casualty’s condition appears stable, 
the medic should communicate the instructions and 
reassurance as tactically appropriate (21,27,45), and 
inform the commander that medical extraction can await 
an improvement in the tactical situation. If the casualty 
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appears unstable, the unit commander must vveigh the 
risk of extraction against the benefit of immediate 
access to medical care. Although this is a command 
decision, team leaders will rely heavily on the medic’s 
assessment. If the risk-benefit ratio is sufficiently high, the 
extraction should proceed with only essential resuscitative 
procedures being performed in the warm part of the 
zone. 


Postdeployment 


The postdeployment portion of law enforcement missions 
is often neglected in discussions of TEMS responses. The 
mission is over and adrenaline is fading. However, the 
tactical medic has several important responsibilities in the 
postmission phase. First, the medic must follow up on any 
casualties from the mission, including bystanders. The 
medic must ensure proper documentation and tracking 
of injury as well as easy communication between the 
tactical unit and the medical facility if the casualty 
was a team member. The medic should also monitor 
team members for occult injuries, exposures, or signs 
of operational fatigue. Biological exposures often present 
insidiously hours or days after the event. Complications 
from musculoskeletal injuries and concussions can also 
present in a delayed manner. The TEMS provider must 
remain vigilant and aware at all times. 

Finally, the TEMS provider must always draft a detailed 
after action report (AAR) and provide recommendations 
for improved training and operations. The AAR should 
be maintained in the TEMS database’s “lessons learned” 
section. The onus is on the tactical medic to observe 
critically their own actions and ensure that improvements 
are implemented. 


TACTICAL EMERGENCY MEDICINE 
MODELS 


Special operations teams in the United States employ 
a variety of models to deliver TEMS. The structure 
of the TEMS element is a local decision based on 
unit budgets, political and organizational considerations, 
insurance coverage, local EMS configurations, the state’s 
statutory requirements, and personal opinions. The core 
issues are (a) level of training for TEMS personnel, 
(b) level of training for tactical operators, (c) positioning of 
TEMS resources during tactical deployment, (d) medical 
regulation, and (e) law enforcement qualification and 
arming of TEMS personnel. 

TEMS involvement in tactical operations has evolved 
in the last 15 years. Before 2001, many units still 
relied on “Tactical 911.” Teams would call local EMS 
either immediately before an operation or in the event 
of a mission-related injury (48,49). This method is 


clearly inadequate given the risk to special operations 
personnel. Accordingly, most large urban tactical teams 
now possess dedicated TEMS personnel who accompany 
the tactical team on field operations. Yet, there is still little 
uniformity. 


Level of Training for Tactical Emergency 
Medical Support 


SWAT team medical providers range from basic emer- 
gency medical technicians (EMT-Bs) to board-certified 
physicians. Physicians provide several benefits including 
a desirable level of expertise, the ability to provide medical 
control for a team of paramedics or EMTs, and more effi- 
cient access to advanced medical capabilities. On the other 
hand, physicians may be prohibitively expensive and have 
limited availability for emergency call-outs. An indepen- 
dent physician’s oversight of the entire TEMS component 
provides many benefits and may be a reasonable op- 
tion (50-52). Some systems, such as Oakland SWAT, 
employ licensed emergency medicine resident physicians 
as a cost-effective option. 

Experienced paramedics are excellent options in many 
jurisdictions. These providers are cost effective, readily 
available, and accustomed to working within a chain of 
command. The paramedic’s scope of practice covers all 
interventions in the hot and warm zones and expands to 
encompass some aspects of ambulatory care, preventive 
medicine, and field hygiene and sanitation. A robust 
medical control mechanism that relies heavily on standing 
orders is required because the on-line communications 
that are often used in conventional EMS systems may not 
be possible within the area of tactical operations because 
of operational security concerns and logistics. 

Well-trained and experienced EMT-Bs have the training 
and skills necessary to provide most care required in the 
hot and warm zones. In many regions, they are readily 
available and can be rapidly mobilized. Maintenance 
of EMT-B certification and skills is less costly and 
time consuming than for paramedics or physicians. 
However, the EMT-B cannot operate independently and 
in general is not qualified to perform the additional 
duties that are within the scope of practice of tactical 
medics. The EMT-B may function as a vital component 
of the TEMS team or could be an acceptable level 
of training for the special operations law enforcement 
officer. 


Team Training 


All tactical operators should receive some degree of 
training in the management of basic trauma in the 
tactical environment. The US military special forces 
realized that training all operators in basic tactical 
medicine results in decreased mortality and improved 
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mission success (53). Many urban SWAT teams in the 
United States concur with this philosophy and train their 
members in BLS (54). The DEA with increased clandestine 
drug lab raids and operations in austere environments, 
recently initiated a successful program to train federal 
agents as EMT-B providers (22). Most injuries in the 
hot zone can be managed with modified principles of 
BLS. At minimum, tactical operators should be able to 
control hemorrhage, provide basic airway management, 
and recognize the need for evacuation of severely injured 
teammates. 


Sworn Officers and Arming 


In some jurisdictions, tactical medics are fully sworn law 
enforcement officers with arrest powers. In others, they 
are employees of another public agency such as fire and 
rescue or EMS. Certain models employ reserve officers 
or volunteers as their tactical medical officer. There is 
no ideal standard and the “best” configuration varies 
between units depending upon variables specific to that 
community. Advantages of using sworn law enforcement 
officers as TEMS providers include feelings of inclusion, 
the ability to function in alternate roles within the tactical 
team, and the freedom to allow medics into the hot 
zone (14). In structuring a special operations medical 
element, emphasis should be placed on avoiding role 
confusion. Ona given mission, the tactical medic’s primary 
responsibility is the provision of care. The “one person- 
one job” rule applies and should be embedded into 
the team’s operational policy. This does not negate the 
need for cross-training and secondary duties. However, 
the tactical medic who is also a sworn officer should 
not be both the point man leading the team into a 
dangerous environment and the team medic for the 
same operation. Both functions are crucial and require 
undivided attention. 

There exists no consensus on the issue of arming 
tactical medical providers. The arming of tactical medical 
providers is a controversial subject (9,27). Most Western 
medical providers are trained in the philosophy of primum 
non nocere—first do no harm. However, tactical medics 
operate in a high-risk environment and may be called upon 
to use weapons to protect themselves and their patients. In 
fact, military medics have a duty to defend patients under 
their care (18,24,45). Accordingly, proper equipment and 
training can reasonably include defensive weapons. Armed 
TEMS providers can provide some degree of security and 
potentially limit the tactical team’s burden of providing 
security to the medical support operation. However, a 
provider who is caring for a patient in an active tactical 
zone may not be able to provide adequate security for 
himself while still focusing on clinical responsibilities. His 
security and the extraction of the casualty then become 
the responsibility of the team as a whole. A study by 


Smock et al. surveyed 30 physicians who had completed 
a tactical medicine training program and were actively 
practicing TEMS. Fifty-three percent of the physicians 
were sworn officers and 66% were armed while working 
with the team (55). In the United States, examples of 
extremely successful TEMS programs both with and 
without armed medics exist. There is no “right” or “wrong” 
answer and this issue should not impede a TEMS program 
development. 


CLEARANCE FOR INCARCERATION 


Clearance for incarceration is a screening procedure 
utilized to identify urgent medical conditions requiring 
immediate attention before entering into the prison. 
Procedures vary between regions and depend on local 
politics, prison resources, and, most importantly, the type 
of TEMS model employed (i.e., physician involvement). It 
is of importance that all arrested or detained personnel 
must be medically cleared before incarceration. 

The law views pretrial detainees, convicted prisoners, 
and involuntarily committed persons differently, although 
all are entitled to adequate medical care while in cus- 
tody (34-39). Subjects arrested by the police are pretrial 
detainees who have not been judged guilty of any crime. 
Law enforcement agencies may detain these suspects for a 
limited period of time. The Fifth and Fourteenth Amend- 
ments to the Constitution prohibit deprivation without 
due process of law. However, in 2001, the PATRIOT ACT 
(Providing Appropriate Tool Required to Intercept and 
Obstruct Terrorism Act) redefined many detention regu- 
lations. Importantly, Federal and State regulations vary. 
Accordingly, the tactical medic should be intimately fa- 
miliar with the laws and regulations governing their area 
of operation. 

The special operations medical officer should be fa- 
miliar with the medical capabilities and SOP of the 
detention facility. For example, many institutions man- 
date physician or hospital concurrence of the clearance 
for incarceration before transfer. Accordingly, units that 
lack a physician TEMS provider will need to arrange a 
memorandum of understanding (MOU) with local doc- 
tors or hospitals. Tactical medics should also understand 
the detention facility's intake, physical examination re- 
quirements, the medical resources available, the level of 
training and qualifications of medical staff, the physical 
plant, and the availability of meaningful referral to outside 
medical facilities. 

The screening examination identifies persons who are 
at risk for serious and immediate life-threatening med- 
ical complications from incarceration. The examination 
may take place in the field, in the cold or safe zone, 
or at a local medical facility. The examination may be 
modified to meet individual requirements, but should 
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include certain minimum exclusion criteria. Tactical 
teams should possess a standardized protocol for clear- 
ance that clearly identifies indications for referral. The 
grounds for clearance or referral should be clearly docu- 
mented in the medical record. The medical officer/medic 
must provide a copy of the record to the detention or 
medical facility. Minimum exclusion criteria include the 
following: 


1. Significant trauma or mechanism of injury in which 
physical examination alone cannot rule out underly- 
ing traumatic disease 

2. Airway Compromise: mechanical or physiological 
threat to the airway including but not limited to face 
or neck trauma, edema of the tongue or perioral soft 
tissues, signs of anaphylaxis, carbonaceous sputum 
or singed facial hair, exposure to toxins or hazardous 
chemicals, or obstructive foreign body 
Respiratory Compromise: dyspnea, wheezing, pul- 
monary edema, or clinical suspicion of a tension 
pneumothorax warrant immediate referral 
Circulatory Compromise: persistently abnormal 
pulse, blood pressure or room air pulse oximetry 
values, signs of shock, and electrocardiographic ab- 
normalities other than chronic asymptomatic atrial 
fibrillation or isolated premature ventricular contrac- 
tions are indications for referral 

Altered Level of Consciousness: abnormal neurolog- 

ical examination, focal neurological findings, or signs 

of acute drug or alcohol intoxication or withdrawal 
warrant referral 

Compromised mental health 

Nonavailability of, or noncompliance with, prescribed 

medication for cardiac, respiratory, and seizure dis- 

orders 

Skeletal Compromise: gross long bone deformity 

with or without abnormality in function 

9. Integumentary Compromise: deep lacerations to the 
hands, face, or perineum, moderate to severe burns, 
or eye injuries require immediate evaluation 

10. Septic Compromise: core temperature greater than 

38.5°C (101.3°F), severe dental abscess, septic joints, 
or severe cellulites 

11. Complaints of severe pain 
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The detainee may be uncooperative, confrontational, 
or hostile. The tactical medic must always operate with 
a high degree of professionalism. The detainee’s behavior 
must not jade the medic’s ability to perform a concise 
but thorough clearance for incarceration. The scope 
of practice, and level of training and expertise of the 
individual tactical medical provider will determine their 
ability to clear prisoners in the field. When in doubt, 
the medics should protect themselves legally and seek 
confirmation of their decision from a higher medical 
authority. 


MEDICAL COUNTERTERRORISM — 
SUPPORT OF CRISIS MANAGEMENT 
OPERATIONS 


Counter terrorism is described as offensive measures taken 
to prevent, deter, and respond to terrorism. Antiterrorism 
is described as defensive measures that reduce the vulner- 
ability of individuals and property to terrorism; it includes 
limited response. TEMS providers play important roles in 
both operations. The National Response Plan (NRP) defines 
two elements of the response to a terrorist incident—crisis 
management and consequence management. Crisis man- 
agement includes measures to resolve the hostile situation, 
investigate the incident, and prepare a criminal case for 
prosecution under federal law. This response is a law en- 
forcement activity; the federal government has primary 
jurisdiction and the FBI generally acts as the lead agency. 
Their activities involve measures to confirm the threat, 
locate the terrorists, limit the immediate expansion of 
the threat, identify weapons caches, apprehend criminals, 
and render their weapons safe. Consequence management 
refers to measures that alleviate the damage, loss, and 
suffering resulting from a terrorist attack. These efforts 
focus on the restoration of services, protection of pub- 
lic health, and the provision of emergency relief for the 
government, businesses, and individuals. State and local 
governments manage limited consequences. Federal agen- 
cies, coordinated by the Federal Emergency Management 
Agency (FEMA) under the DHS, support local efforts in the 
event of major consequences that exceed local capabilities. 
Medical support for crisis and consequence manage- 
ment efforts differs. Special operations medics are espe- 
cially well suited for crisis management operations. Law 
enforcement interdiction activities must be conducted in a 
low-profile manner that does not reveal strategy or tactics, 
compromise intelligence sources, create panic, or need- 
lessly disrupt commerce and infrastructure. Experience 
has shown that even hoaxes can serve the terrorists’ inter- 
ests (56,57). Therefore, law enforcement activities must be 
proportional to a valid threat assessment; exaggerated re- 
sponses help the terrorists achieve their goals of instilling 
fear in the population, disrupting daily routines, derail- 
ing local economies, and focusing media attention. To 
avoid compromising the operational security, the medical 
support of crisis management operations must not leave 
a significant operational signature. Limited resources for 
movement and staging of assets are preferentially em- 
ployed to meet law enforcement needs. Accordingly, the 
medical element must select versatile, lightweight, and 
compact equipment that can meet a range of needs. 
Special operations medical personnel should draft a 
medical annex to the operational plan, which details the 
concept of medical support for response to a variety of 
likely local targets. Although mission-specific medical 
annexes are critical for all TEMS operations, generic 


36. Tactical Emergency Services 441 


templates should be drafted in advance for high-risk 
potential terrorist targets such as bridges, schools, and 
centers of commerce. In collaboration with local law 
enforcement intelligence counterparts, the tactical medic 
should identify soft targets that have not employed 
sufficient antiterrorist measures, for example symbolic 
buildings with public access and little security presence. 
The assessment must address accessibility by motor 
vehicles, nature of business conducted, the presence of 
luggage or packages that may harbor explosives (e.g., 
train station, subway, or bus station), and flow of human 
traffic. Confined space, such as that found in a subway 
system, is an important factor in event lethality (58,59). 

The standard medical annex should address the overall 
concept of how medical support will be delivered for 
the counterterrorism operation and should include the 
following information: 


1. Situation: a description of the situation including 
identification of anticipated medical threats and the 
ameliorative actions that can be taken to minimize 
them before and during the mission. 

2. Resources: a description of the medical resources that 
will be available for on-site operations and a plan for 
augmentation of those resources if necessary. This 
should include coordination with local EMSs and 
hospitals. 

3. Mission: statement of the overall medical mission in 
support of the counterterrorism operation, which ad- 
dresses not only acute care and emergency response but 
also injury control, preventive medicine, management 
of performance decrement (e.g., sleep deprivation), and 
field sanitation and hygiene. 

4. Execution: an outline of how the medical mission 

will be carried out, including the CONOPs and the 

detailed execution plan. Primary medical facilities 
should be designated with points of contact and contact 
information. 

Logistics, Assets, and Coordination: a summary of 

logistics, material assets, and the information neces- 

sary for coordination of both within the unit and with 
outside organizations as indicated by the situation. 

6. Command and Signal: the description of how orders 
will be communicated, the call-out procedures, contact 
numbers, and radio frequencies for both organic and 
external resources. This should include a succinct 
summary of how the unit accesses the medical system. 
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The tactical medical officer must maintain a high 
index of suspicion for secondary attacks when conducting 
operations on any incident that could involve terrorism. 
Secondary attacks were used in northern Ireland to kill 
or injure public safety responders and Good Samaritans 
after a small explosion attracted them to the scene (60). 
This technique was used in the United States as early as 
1927 when Andrew P. Kehoe placed more than 1,000 lbs of 


dynamite in the basement of the Bath Consolidated School 
in Michigan. After the detonation that killed 41, Kehoe 
drove to the school, lured the shocked superintendent into 
his car and promptly detonated another device, killing the 
superintendent, another student, and himself (61). The 
threat of secondary devices received renewed attention 
after the January 16, 1997 bombing of a women’s 
health facility and the February 21, 1997 bombing 
of the Otherside Lounge in Atlanta, Georgia. In both 
cases, perpetrators placed the secondary device with the 
apparent intent of targeting first responders. The device 
detonated at the women’s health facility injuring several, 
but the responders found the device at the lounge and 
rendered it safe (62). Recent intelligence on terrorist 
organizations such as the Al Qaeda reveal organized 
training efforts and detailed plans to utilize secondary 
devices, including radiological and chemical weapons, to 
attack first responders and disrupt rescue efforts. 

Secondary attacks are often perpetrated in one of 
four ways: a secondary explosive device; an insidious 
threat, such as an unrecognized release of a chemical 
agent; undetected perpetrators who ambush responders; 
or an assault through a perimeter breach. These types 
of attacks are most effectively executed after personnel 
have responded to a target location in reaction to some 
event. However, secondary attacks can occur at anytime 
and responders should remain vigilant. 

Defense against a hidden device requires a high index 
of suspicion and a rapid sweep of the area of operation 
with increased awareness of unusual or out-of-place 
packages and containers. Radio and cellular phone use 
should be curtailed to avoid accidental detonation by 
stray radio frequencies. In the Middle East, terrorists 
use cellular phones to activate many command-detonated 
improvised explosive devices (IED). This technology is 
rapidly disseminated through terrorist propaganda and 
the Internet. Domestic LE personnel should be acutely 
aware of this and other detonation techniques. Rapid 
extraction and evacuation with only essential medical 
procedures performed on-site limit the potential target 
size and reduce the damage in the event of a secondary 
explosion. Minimizing the target also reduces the threat 
posed by undetected chemical or biological agents. The 
best defense against an undetected perpetrator is to treat 
all unknown persons, regardless of age or sex, as a threat 
until proved otherwise. The tactical operators should 
clear all unknown personnel before the medic performs a 
thorough secondary survey that includes exposure of all 
body surfaces (environmental factors must be considered 
to prevent exposure injuries). Patients with weapons 
cannot be considered for treatment until they have been 
disarmed and the threat mitigated by the LE personnel. 
Finally, protection against a perimeter breach is best 
provided by the establishment of a secure law enforcement 
perimeter with clearly designated points of entry and 
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egress. Terrorists have used ambulances, laboratory coats, 
and uniforms to gain access into restricted operational 
area. The medical officer can assist the checkpoint 
personnel in identifying legitimate medical responders 
and potentially avert a catastrophe. 

Explosives and IED appear to be the terrorists’ weapon 
of choice (57,62). IED are easily manufactured, trans- 
ported, and concealed. Terrorists can detonate these 
devices remotely thereby minimizing the risk of capture. 
Alternative terrorist tactics such as kidnapping, assassi- 
nation, and hostage-taking present greater risk for the 
individual terrorist and require more sophisticated plan- 
ning to be executed effectively. The term weapons of mass 
destruction (WMD) originally referred to chemical, bio- 
logical, and radiological (CBR) devices. However, both in 
common usage and in statutory language, this term has 
been expanded to include a broader range of weapons 
with mass effects (63,64). 

In 2001 and 2002, terrorists mailed letters containing 
anthrax spores to several high-ranking government offi- 
cials. These attacks sparked new interest in CBR training. 
CBR incident response is discussed in Chapters 26, 34, 
and 35 of this text. TEMS providers will continue to play 
a critical role in the response to any CBR or terrorist at- 
tack. Accordingly, TEMS education should include basic 
training in the areas of hasty decontamination and in the 
field management of CBR exposures. 


TACTICAL EMERGENCY MEDICINE 
AND DISASTER RESPONSE 


Tactical medical providers possess a unique set of tech- 
nical and operational skills that make them ideally suited 
to assist in the response to large-scale general (i.e., non- 
terrorist) disasters. TEMS medics are trained in multiple 
specialties and can provide the services of a medical plan- 
ner, occupational health clinician, preventive medicine 
officer, risk manager, public health officer, field hygien- 
ist, and emergency medical provider. In general, they are 
deployed as a technically sophisticated material pack that 
facilitates self-sufficiency and rapid mobility. And, tacti- 
cal medics are adept at assessing performance decrement, 
managing continuous and sustained operations, and pro- 
viding ambulatory care to emergency service personnel. 
Finally, they are accustomed to operating in dangerous, 
resource-poor, prolonged-transport environments. 
Although TEMS providers may lack some of the 
specialty skills of a USAR or wilderness medical team, they 
can be invaluable in establishing baseline medical support 
for emergency services and for civilian populations in 
heavily impacted sectors of the disaster area. For example, 
in 2005 Hurricane Katrina devastated New Orleans, 
resulting in large-scale civil unrest and violent criminal 
behavior (65). Armed gangs, rogue snipers, and an inability 


to coordinate multi-agency actions severely crippled the 
conventional EMS response. Ultimately, FEMA mobilized 
TEMS units from as far away as New York City and 
Clearwater, Florida, to assist in the provision of care 
within the disaster zone (personal communication, M. 
Gibbons, Commander, Maryland State Police, 2006). 
This ad hoc collaboration was effective but not ideal. 
TEMS providers and their disaster response colleagues 
should plan, coordinate, integrate, and train together. 
Plans utilizing tactic medics must recognize that they 
have a primary responsibility to their law enforcement 
organizations in the event of civil disorder and lawlessness 
during a disaster or in the following recovery period. Prior 
familiarization will facilitate joint operations and benefit 
both the providers and the communities they serve. 


SUMMARY 


TEMS is an evolving emergency medicine specialty 
with broad multidisciplinary support within both the 
law enforcement and medical communities. The tactical 
environment poses unique and hazardous challenges 
for medical and special operations personnel. TEMS 
expands beyond merely providing emergency point-of- 
injury services to encompass a full complement of medical 
support dedicated to achieving mission success. TEMS 
providers are experts in preventive medicine, urgent care, 
mental health, forensics, primary care medicine, and the 
provision of tactically oriented trauma care. Standardized 
TEMS training and scope of practice guidelines are 
needed. These guidelines should be evidence based and 
battle tested. 
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Mass Shootings 


Thomas M. Stein 


“... Luby’s on C.T.E. It’s reported that subject shot fifteen 
shots into store at this time.” 

The initial dispatch from Carol Smith of the Killeen, 
Texas, Police Dept., initiating the response to what is 
still the largest mass shooting in American History, 
October 16, 1991. 


Mass shooting is defined as an event with greater than 
five casualties, one or more shooters acting together, and 
a time frame of 24 hours or less. This eliminates serial 
murders from the discussion. Serial murders are no less 
a tragedy, but they do not have the same impact as mass 
shootings on local medical resources. The morbidity and 
mortality of mass shootings are explored in this chapter. 
Mortality includes all deaths produced by the occurrence. 
Those who died before arriving at a hospital are designated 
as “killed,” and those dying after arrival at a hospital are 
designated as “died of wounds.” Intuitively, one might sup- 
pose that those killed would have had little chance of sur- 
viving no matter what and that those dying of wounds may 
perhaps have been salvageable. These hypotheses will be 
evaluated against an analysis of real-world incidents here. 

The goals of this chapter are (a) to familiarize the 
emergency care provider with what to expect in terms of 
casualty numbers and types of injuries when confronted 
with the casualties of a mass shooting, (b) to identify 
responses and interventions that will maximize the 
casualties’ chances of arriving at the trauma center alive, 
and (c) to provide guidance for the triage of multiple 
victims with penetrating trauma from such an event. 

Emergency medical services (EMSs), emergency de- 
partments, and trauma systems have been in existence 
in their current guise since the late 1960s. The initial 
response to multiple casualty incidents is part of the pub- 
lic safety and the medical community's responsibilities, 
and significant resources are spent on planning and train- 
ing for this type of mission. In 1966, Charles Whitman 
perpetrated what is widely considered as the first mass 
shooting of civilians by a civilian at the University of 
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Texas campus in Austin. An analysis of all mass shoot- 
ings since 1966 in countries with similar EMS systems 
has been conducted using casualty and medical data from 
public domain sources, which currently represents the 
best data available. The subset of incidents included here 
was chosen because the conclusions drawn from these 
data can be more reasonably applied to present and fu- 
ture mass shootings in the United States, where most 
such incidents occur. A definitive study of these events is 
under way, but this may take years to complete because 
much of the recent data is encumbered for legal purposes 
and because the medical information consent issue signifi- 
cantly slows the process when dealing with older incidents 
(personal communication, Federal Bureau of Investigation 
Field Office, Pittsburgh Region, December, 1999). 


RECENT HISTORY 


Mass shootings do not have a long history. Before the 
1900s, rapid loading and rapid firing weapons were not 
generally available to the public. As the availability of 
these weapons increased, so has the opportunity for mass 
shooting. As radio, television, and finally satellite commu- 
nication came into being, so did the rapid and widespread 
dissemination of information and details regarding these 
horrible crimes, thereby inviting copycat incidents. 

Mass shootings have been increasing every decade since 
the 1960s. This is demonstrated in Table 37-1. As of 2000, 
public domain sources reveal 437 total deaths and an- 
other 367 wounded as a result of 47 mass shootings. Of 
these 804 victims, 618 have at least partial demographical 
and clinical data; for example, 222 have the anatomical 
location of wounds clearly described. Of the 367 wounded 
victims found in public domain sources, 197 are specif- 
ically described. Only 127 of these descriptions provide 
enough information to determine whether the individual 
experienced a resultant disability. Forty-six were known to 
have been admitted to the hospital, but how many of the 
other 151 required hospitalization is not clear. Nineteen 
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) TABLE 37-1 Frequeney of Mass Shootings 


by Decade 
Decade Number of Mass Shootings 
1960s 2 
1970s 6 
1980s 17 
1990s 22 


were documented to have gone to the operating room, but 
again, the sources do not indicate how many actually went, 
although one may assume that abdominal wounds were 
surgically explored. Blood product use was documented 
for none of these individuals. 

The incidence of penetrating trauma in the United 
States has increased over the last 20 years. Although the 
rate of fatal penetrating injuries appears to have remained 
constant, the rate of nonfatal penetrating injuries has in- 
creased (1,2). Military rifles and semiautomatic handguns 
with large capacity magazines have become ubiquitous, 
and they are readily available to anyone who has the cash 
to buy them, despite legislative attempts to halt the prolif- 
eration. However, more than two or three civilian patients 
with penetrating injuries seldom present to a single health 
care facility at the same time. Battlefield treatment facil- 
ities have much more experience in dealing with larger 
numbers of patients with penetrating injuries arriving si- 
multaneously or over a relatively short period of time. 
Therefore, military casualty data will be compared with 
the civilian mass shooting experience. 

On the surface, military mass casualty scenarios differ 
from civilian mass shootings in a few important ways. 
First, combatants are healthy individuals, trained and 
armed to defend themselves. Second, combatants usually 
have body armor and other ballistic protection devices 
available (these have been ubiquitous since the Vietnam 
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War). Third, multiple perforating wounds from explosive 
devices, which are commonplace in war, are still rel- 
atively uncommon in civilian mass shootings. Finally, 
civilian shooters effectively execute many of their victims 
at close range. Similarities, however, do exist in terms 
of weapons used, the delayed evacuations due to tactical 
circumstances, and the stress on local medical resources 
(see Chapter 36). Lessons learned from military conflicts 
and civilian experiences with penetrating trauma will be 
evaluated; these may corroborate the lessons learned from 
an analysis of civilian mass shooting casualty data. 


THE VIETNAM EXPERIENCE 


The United States Army organized a team known as the 
wound data and munitions effectiveness team (WDMET) to 
collect data prospectively on combat injuries during the 
Vietnam War. More than 8,000 United States Army and 
Marine casualties from an 18-month period (1967-1969) 
were studied and catalogued in detail. Data on the tactical 
situation, the type of weapon used to create wounds, field 
first aid and the circumstances of evacuation, the detailed 
anatomy of the wounds, the hospital care rendered, and the 
autopsy results for those fatally wounded were collected. 
The principle of the “golden hour” that was described 
by Trunkey is based on civilian trauma data collected in 
the 1970s that included blunt trauma mechanisms. His 
analysis of the time-of-injury and time-to-death interval 
revealed a trimodal distribution: immediate (<1 hour), 
early (2-3 hours), and late (days to weeks after the 
injury) (3). Approximately half of the deaths catalogued 
were considered immediate, 30% were early, and the 
remainder occurred late. WDMET, in stark contrast, 
shows that 85% to 90% of the combat fatalities occurred 
in the immediate period, with up to 70% occurring 
within the first 5 minutes. Fig. 37-1 demonstrates the time 


Killed in action 


Died of wounds 


Immediate <5min 5 to c30 min 30 min to <2 h 


210-6h 6hto<1d 1dto<iwk 21 wk 


FIGURE 37-1. Time distribution of combat deaths. 
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distribution of combat deaths for the VVDMET database. 
Sauaia et al. studied a civilian population in the early 
1990s that had a much larger percentage of penetrating 
trauma than the Trunkey group (4). These results mirror 
the WDMET data more closely than that of Trunkey, 
which suggests that if a golden period for penetrating 
injuries does exist, it is significantly less than 1 hour. 
Bellamy suggests a “golden 5 minutes” (5). This clearly 
has ramifications on the approach to mass shootings from 
both a tactical or law enforcement perspective, as well 
as from an emergency medical perspective. Perhaps, the 
term “titanium 5 minutes” would be more appropriate. 


WOUND DISTRIBUTION 


Abbreviated Injury Scores 


The WDMET database provides military wound distribu- 
tion information. A breakdown by anatomical region (e.g., 
head, face, neck, chest, abdomen, extremities, and super- 
ficial) reveals the relative frequency of wound location. 
Table 37-2 defines each of these anatomical regions. The 
incidence of penetrating injuries to body regions has not 
been found to be proportional to the percentage of body 
surface area for each region. This is true because the vic- 
tims are not injured while in an anatomical position but 
rather while they are in some type of protective posture. 
In the study, abbreviated injury scores (AISs) were used 
to assign wounds to a body region. Casualties with two 
or more wounds were assigned to a specific region only if 
the AIS value for an injury in that region exceeded the AIS 
for all injuries in the other regions. Only casualties who 
had two or more injuries of equal AIS value in different 
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) TABLE 37-2 Wound Data and Munitions 
Effectiveness Team (WDMET) 
Definitions of Anatomical Body Regions 


Designation Component Parts 


Head Skull and contents 
Face Facial bones, eyes, and oral and nasal cavities 


Neck Viscera and cervical spine 

Chest Thoracic cage, spine, and viscera 

Abdomen Peritoneal and retroperitoneal cavities, pelvis, and 
lumbar spine 

Extremities Used only if bones and/or neurovascular structures 
are injured 

Superficial Skin, fat, and skeletal muscle anywhere on the body 


body regions were classified as having multiple injuries. 
The anatomical distribution of fatal and nonfatal wounds 
is illustrated in Fig. 37-2. 


Patient Outcome by Body Region 


The summary mortality data include all missile wounds 
of bullets, shrapnel, and both. The mortality of victims 
wounded by bullets only is documented where possible. 


Head 


WDMET Total Mortality (78%) and Hospital 

Mortality (26%) 

The total mortality data include low-velocity fragment 
wounds and any wound that merely violates the pe- 
riosteum of the skull. The most telling data reflect the 
abysmal outlook of casualties with bullet penetration of 
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Face 4% 
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Head 
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FIGURE 37-2. A: Anatomical distribution of nonfatal wounds (wound data and munitions 
effectiveness team [WDMET]). B: Anatomical distribution of fatal wounds (WDMET). 
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the skull and direct parenchymal injury, as opposed to 
that of those with tangential wounds causing depressed 
skull fracture and associated brain injury. Less than 1% 
of the population with this devastating injury survived to 
be evacuated from Vietnam. The neurological outcome of 
this extremely small survivor subset is not reported. It is 
assumed that few, if any, will survive neurologically intact. 
Even when including cases of tangential bullet wounds, 
the mortality of a casualty with a head wound is still 
90%. 


Other Military Experience 

A study of the Israeli wartime experience in Lebanon from 
1982 to 1985 revealed craniocerebral wound results sim- 
ilar to WDMET, although it reported only on the patients 
who arrived alive at a civilian university medical center 
(number [n] = 116) (6). The evacuation time was as short 
as in Vietnam; however, computed tomography (CT) scans 
were performed routinely on arrival at the medical facil- 
ity. Gunshot wounds with direct parenchymal injury or 
an admission Glasgow Coma Score (GCS) of 3 due to 
any penetrating mechanism had a poor outcome (dead or 
persistent vegetative state) in 94% of the cases. Overall, 
gunshot wound mortality was 80%. Overall hospital mor- 
tality from all causes was 26%, which is nearly identical 
to the Vietnam experience. 

George and Dagi reviewed military experience with 
penetrating craniocerebral injuries and came to the 
following conclusions for civilian application to triage 
and management: (a) patients who are deeply comatose 
and intermittently apneic, with bilaterally dilated and 
fixed pupils, who have sustained either a high-velocity 
gunshot wound or a lower-velocity missile wounding at 
close range (especially if the wounding is through and 
through or if CT shows massive intracranial debris and 
contusion) have sustained lethal injuries; and, (b) although 
facilities at many civilian centers far exceed those that 
have historically been available to military neurosurgeons 
in the field, the principles derived from combat injuries 
continue to apply (7). 


Civilian Experience 
These particular patient series were retrospectively col- 
lected over several years. Generally, the patients in these 
series present individually, unlike what occurs in a mass 
shooting. One series studied 314 patients from in and 
around Genoa, Italy, who had sustained penetrating in- 
juries to the brain caused by either a handgun (75%) 
or a shotgun (25%) (8). Of interest is the fact that no 
high-velocity wounds were included. The overall mortality 
rate was 92% (288/314), including 228 who died at the 
scene. No patient who presented with a GCS of less than 
6 survived. 

A series of 47 patients from a university hospital in 
Turkey had an overall mortality rate of 38% (9). This 


series, however, included only those who arrived alive at 
the hospital. In this series, for patients with an initial 
GCS of 3 to 7 the mortality rate was 100%. Fourteen had 
a GCS of 3 to 5 (five underwent operation), and four had a 
GCS of 6 to 7 (three underwent operation). No patient in 
the series had an initial GCS of 8. 

Polin et al. performed a multivariate analysis on factors 
found to have a strong predictive value for the outcome 
of penetrating head injuries (10). The predictive factors 
were established by previous research performed by at 
least 11 other groups that primarily used civilian data. 
Two equations that demonstrate 7-day mortality were 
developed; one was based on GCS and coagulopathy, and 
another on the volume of contused brain and the number 
of midline planes crossed by the projectile. The former is 
obviously of more use in the prehospital setting and on 
arrival at the emergency department. 

In an extensive review of civilian gunshot wounds to the 
brain resulting in GCS scores of 3, 4, and 5, Kaufman et al. 
offer an elegant management algorithm after a discussion 
of the scope of the problem, the prevalence, and the 
“moral, financial, and ethical dilemmas that influence the 
care of these patients” (11). 


Chest 


WDMET Total Mortality (71%) and Hospital 

Mortality (14%) 

The probability of being fatally wounded if struck in the 
chest by a bullet is 80%. Of the 155 casualties with primary 
thoracic penetration who arrived alive from the battlefield, 
15% required formal thoracotomy. These data support 
the teaching of the advanced trauma life support course 
sponsored by the American College of Surgeons. 


Other Military Experience 

In a series of 259 cardiothoracic war wounds reported 
from Zagreb, Croatia, only 10% were due to gunshot 
wounds, and most of them (67%) resulted from shrap- 
nel (12). Thoracotomy was used as a primary method of 
surgical treatment in 54% of the patients; however, 50% 
of the patients had already undergone tube thoracotomy 
or thoracotomy at frontline hospitals. The indications 
for formal thoracotomy in these cases were not stan- 
dardized. The mortality rate was 2.7%. This low rate is 
due to the fact that delayed evacuation to definitive care 
selected those that were going to die before arrival in 
Zagreb. 


Civilian Experience 

A retrospective study of civilian penetrating chest injuries 
from a university hospital in Southeast Turkey reviewed 
755 patients (13). Gunshot wounds made up 55% of the 
cohort, and more than half of these were due to high- 
velocity weapons. They reported the following mortality 
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rates by type of injury: stab wounds, 1.5% (5 out of 
342); low-velocity gunshot wounds, 2.9% (4 out of 139); 
high-velocity gunshot wounds, 11.6% (27 out of 232); 
shotgun wounds, 9.5% (2 out of 21); and bomb shrapnel, 
19% (4 out of 21). One-half of the mortality was due to 
adult respiratory distress syndrome, which the authors 
attributed to the lack of ventilator therapy and intensive 
care conditions. The overall thoracotomy rate was 8.1%, 
which is quite a low rate for the frequency of high- 
velocity gunshot wounds. The thoracotomy rate was not 
reported by type of injury per se. The authors credited 
this low rate to the absence of or the low incidence of 
great vessel, bronchial, esophageal, and cardiac injuries. 
Again, patients with such injuries generally die at the 
scene or en route to the hospital. A similar report from 
the same center reviewed its experience with 94 children 
(mean age of 11.5 + 3.3 years; range, 3-15); 44% of these 
wounds were gunshot wounds, of which 66% were high- 
velocity wounds (14). None of the patients with gunshot 
wounds died in this series of injuries, and only one death 
occurred overall. The overall thoracotomy rate was 4.3% 
(one immediate and three delayed). 

Another series of 240 patients from a university hospital 
in Lima, Peru, was reported. Twenty-four percent of these 
injuries were due to low-velocity gunshot wounds, and 
the others were stab wounds (15). The thoracotomy and 
mortality rates for the gunshot wound group were 16% 
and 7%, respectively. The international consensus is that 
most penetrating chest injuries can be treated without 
surgery (5,13-26). 


Abdomen 


WDMET Total Mortality (37%) and Hospital 

Mortality (11.5%) 

The probability of an individual being fatally wounded 
if he or she is struck in the abdomen by a bullet is 
approximately 65%. No specific reports, apart from the 
WDMET experience, are reported in the literature. Al- 
though considerable information in the civilian literature 
exists regarding the injury patterns and treatment, no spe- 
cific reports on morbidity or mortality related to gunshots 
to the abdomen have been located. Some authorities indi- 
cate that approximately 80% of all penetrating wounds to 
the abdomen require surgical management. 


Extremities 


WDMET Total Mortality (9.9%) and Hospital 

Mortality (1.2%) 

The probability of receiving a fatal wound if one is 
struck in the extremity by a bullet that injures bone or 
neurovascular structures is 1 in 11. Fragment wounds due 
to explosive munitions are actually more lethal, with a 
probability of fatal wounding of one in six. 


MOF-DOW 4% Shock-DOW 3% 


CNS-DOW 5% 


Multiple-KIA 
13% 


Exsanguinated-KIA 
44% 


CNS-KIA 
31% 


FIGURE 37-3. Pathophysiological causes of death during Viet- 
nam war (wound data and munitions effectiveness team [WD- 
MET)). Abbreviation: DOW, died of wounds; KIA, killed in action; 
MOF, mode of fatality; CNS, central nervous system. 


CAUSES OF COMBAT DEATH 


In reviewing the pathophysiological causes of combat 
death in Vietnam, clearly many of the deaths were un- 
preventable. The pathophysiological causes of death in 
the Vietnam War are demonstrated in Fig. 37-3. Mas- 
sive brain destruction and major vascular penetration are 
quickly fatal. However, the question remains whether im- 
mediate and appropriate medical interventions could have 
reduced the number of fatalities in the killed-in-action 
and died-of-wounds groups. Furthermore, could similar 
interventions reduce the morbidity of the survivors? 


ANALYSIS OF CIVILIAN MASS 
SHOOTINGS 


In a review of 45 mass shootings in English-speaking 
countries with similar EMS systems, the following data 
was compiled. Of 437 people shot to death, 93.6% died 
on the scene, and 6.4% died of wounds after reaching 
a medical treatment facility. Three hundred and sixty- 
seven patients were wounded by missiles. This dead- 
to-wounded ratio of 1.2 to 1 is an extremely high kill 
ratio when compared with the military experience (one 
in four when using only bullet wound data from the 
European theater of World War II [WWII]). On average, 
eight people were killed at the scene of the incident, 
and nine people were wounded per incident (recall the 
operational definition of mass shooting described in the 
introduction). In addition, one wounded victim would 
typically arrive alive at a medical treatment facility but 
would ultimately die of wounds. 

The primary weapon used in mass shootings was a 
handgun in 36% of the incidents (revolver, 8%; semiauto- 
matic, 28%), arifle in 53% of the incidents (single shot, 2%; 
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semiautomatic, 43%; and automatic, 8%), and a shotgun in 
11% of the incidents. When the weapon was a handgun, the 
individual's fatality rate was 73.6%; when a rifle was used, 
the rate was 62.1%; and when a shotgun was involved, it 
was 87.9%. That low-velocity wounds would have a higher 
fatality rate than high-velocity wounds appears paradoxi- 
cal. However, on closer analysis of the shooting incidents, 
the handguns were used at close range, generally inside a 
room or a closed space. Rifles, however, were frequently 
used during sprees that took the incident outdoors where 
relatively long shots were taken. Shotguns cause massive 
tissue destruction at close range, and, in many cases, 
the shotgun was used at close range (execution style) as 
with handguns. 

The duration of the incident was well documented 
in 16 of the cases. These shootings lasted from 4 to 
80 minutes. At the Port Arthur shooting in Tasmania, 
Australia, Martin Bryant killed his first 22 victims in 
approximately 2 minutes with well-aimed semiautomatic 
shots from a rifle. George Hennard killed, wounded, or 
injured more than 50 people in approximately 10 minutes 
at the Luby’s Cafeteria massacre in Killeen, Texas, while 
using two 9-mm semiautomatic handguns. 


Shooter Profile 


Invariably, the shooters in these incidents were men. The 
average age was 32.7 years (range, 11-59 years), and 
the median age was 35 years. Although school shootings 
became more common in the 1990s, the average age of the 
shooter still was only slightly younger during this period 
(average age, 29.8 years; range, 11-55 years; median age, 
31.5 years). None of the shooters wore body armor. The 
disposition of the 49 shooters (two shootings had two 
shooters each) is summarized in Table 37-3. 

Twenty-seven of the shooters carried more than one 
weapon; 12 carried two weapons, and 15 carried three 
weapons. Ashbrook at the Baptist Church in Fort Worth, 
Texas, and Harris and Klebold at Columbine High School 
in Littleton, Colorado, used fragmentation devices, which 
was a new development in 1999. These devices were 
not used with any effectiveness, but they introduced the 
potential to increase casualties significantly. The number 
of rounds fired per incident was clearly documented in 
11 of the cases and ranged from 11 to 257 (mean of 74 
rounds; median of 50 rounds). 


) TABLE 37-3 Disposition of Shooters 


Disposition Number (%) 
Captured alive 23 (47) 
Killed by own hand 19 (40) 
Killed by law enforcement 6 (11) 
Killed by bystander 1 (2) 


) TABLE 37-4 Demographic Location of Mass 
Shootings Based on 47 Incidents 


Location of Mass Shooting Number (%) 
Relatives as victims 13 (28) 
Shooter's workplace 19 (40) 
Shooter's home 12 (26) 
Both home and work 3 (6) 
Victim's workplace* 25 (53) 
Victim's home 13 (28) 


* School is considered the workplace for students. 


Victim Profile 


Complete demographical data was not available for all 
of the victims. However, of those that were detailed, 
the ages ranged from months to the late seventies. Of 
the 47 incidents, 13 included relatives of the shooter 
among the victims. Nineteen of the incidents involved 
the shooters workplace, and 12 incidents took place 
in the shooter’s home. Three of the latter group included 
both the shooters home and his workplace. However, 
25 of the incidents occurred at the victim’s workplace 
(if one includes schools as a students” “workplace”). 
The demographics of the victims of mass shootings are 
demonstrated in Table 37-4. 

Of all the casualties identified (n = 804), 148 had 
gunshot wounds that were described adequately enough 
to be anatomically defined. The others either had multiple 
wounds that were not well described, or no description of 
the wound(s) was found at all. Forty-nine of the victims 
who were dead at the scene had sustained a well-described 
single gunshot wound. The percentage of fatal wounds 
by body region was as follows: head, 61%; chest, 18%; 
back, 12%; abdomen, 6%; neck, 3%; and (f) extremities, 
0%. Similarly, seven victims who died of wounds had a 
single gunshot wound that was clearly described. Broken 
down by body region, these included the chest, three 
(42%); the abdomen, two (30%); the head, one (14%); 
and the neck, one (14%). Clinical outcomes broken down 
by primary wound site (body region) are summarized 
in Table 37-5. The correlation between the WDMET 
database and the mass shooting data is summarized 
in Table 37-6. These data summarize bullet wounds 
only. 

The data in Table 37-2 represent the overall mortality 
of gunshot wounds to a specific body region. The VVDMET 
data include all victims killed at the scene, as well as 
those who died at the hospital. Except for the civilian 
head wound series, the other military and civilian data 
included only those who arrived at a medical treatment 
facility alive. Including those dead at the scene and those 
dying en route to a hospital give a more accurate look at 
the true mortality. 
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) TABLE 37-5 Clinical Outcomes by Wound Site 


Head Neck Chest 
Clinical Outcome N-52 N=12(%) N- 28 (%) 
KİA 41 (79) 4 (33) 14 (50) 
DOW 2 (4) 1 (8) 4 (14) 
Disabled 2 (4) 3 (25) 3 (11) 
Well 6 (11) 1 (8) 4 (14) 
Unknown 1 (2) 3 (25) 3 (11) 


Abbreviation: N, number; KIA, Killed in action; DOW, died of wounds. 
Information taken from various public domain sources. 


RAMIFICATIONS FOR EMERGENCY 
SERVICES PERSONNEL 


Preempting mass shootings is difficult, if not impossi- 
ble. Incident and consequence management for police, 
EMS, and hospital personnel will continue to be neces- 
sary. Therefore, what can be learned from this data? First, 
the author must remind the reader that this writing is only 
a starting point. These data have been obtained through 
public domain sources, such as newspapers, libraries, 
and the Internet. Accurate, comprehensive, retrospective 
medical data collection will be a major undertaking, espe- 
cially considering the confidentiality and consent issues. 
Prospective data collection is even more of a problem 
because of the criminal investigations surrounding these 
crimes, and the subsequent civil litigation that encumbers 
the data for prolonged periods of time. The information re- 
garding the deceased victims is generally covered in more 
detail in the public domain sources, compared with that 
for the survivors; therefore, the “unknown” outcome of a 
wound to a known body region that is seen in Table 37-5 is 
usually a survivor, but the information that has been pro- 
vided was not enough to determine the disability extent, if 
any. Disability is defined by this author as a permanent de- 
fect such as head injury with neurological sequelae; ampu- 
tation; quadriplegia, paraplegia, or monoplegia; or quadri- 
paresis, paraparesis, or monoparesis. The “unknown” 
wound sites for the killed-in-action category in Table 37-5 
are classified as such because a site was not described 


Abdomen Back Extremity Unknown 
N=10(%) N=14(%) N=28(%) N=301 (%) 
1 (10) 9 (64) 0 207 (69) 

2 (20) 0 0 4(1) 

0 2 (14) 2(7) 1 (<1) 
5 (50) 2 (14) 21 (75) 36 (12) 
2 (20) 1 (7) 5 (18) 52 (17) 


in any of the press coverage found, the victims had two 
or more wounds that were not specifically localized, the 
victim had two or more wounds but which was fatal was 
indeterminate, or the victim may have had two or more fa- 
tal wounds. Research and documentation into the nature 
of wounds and the outcomes of the survivors are of critical 
importance in future medical response to the incidents. 

Many of these incidents occur with no practical warn- 
ing, and, although the shooter may continue to be a danger 
for many minutes to many hours, most of the victims are 
shot in the first few minutes of the incident. This does 
not allow enough time to mobilize special tactical and 
medical teams, even in large urban areas where full-time 
teams are on continual standby. As in the military casu- 
alties described by WDMET, devastating central nervous 
system wounds and large vessel exsanguinating injuries 
are not treatable regardless of the response time, on-scene 
care, or the availability of advanced trauma care. 

On the basis of the available civilian mass shooting 
data, acute airway obstruction does not appear to be a 
significant cause of death. Only seven of the victims had 
neck wounds as the primary wound, and two of these had 
concomitant head, chest, or back wounds. The utility of ad- 
vanced airway techniques versus basic airway maneuvers 
and adjuncts is unclear in these circumstances. However, 
the author doubts that these techniques could favorably 
impact the outcome of patients with severe head wounds. 

Chest wounds have a significant mortality rate. Timely 
decompression of a tension pneumothorax could save 


) TABLE 37-6 Comparison of Gunshot Mortality Rates by Anatomical Region 


Anatomical Location WDMET Study Military Civilian Mass 
of Wound (%) Experience (%) Experience (%) Shootings (%) 
Head 99 94 92 90 
Neck ? ? ? 58 
Chest 80 ? ? 75 
Abdomen 65 ? ? 25 
Extremity 9 ? ? 0 


Abbreviation: VVDMET, vvound data and munitions effectiveness team. 


“9”, indicates no data available. 
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a number of lives. However, without autopsy data, 
determining how many of the fatal chest wounds were due 
to air tension, exsanguination, or another mechanism is 
difficult. Whether the thorax, abdomen, retroperitoneum, 
or a combination of these cavities were penetrated was 
not documented in back wounds. However, as a group, 
these were even more lethal than chest wounds. Some of 
these wounds may also have been amenable to pleural 
decompression. 

Of the known extremity wounds, none were lethal. Of 
the deceased victims, how many of the “unknown” wound 
sites are, in fact, extremity wounds is not known. These 
deaths would presumably be preventable and would be 
amenable to direct pressure. 

During the response to these incidents, police officers 
have been both killed and wounded. No emergency 
medical personnel are known to have been either killed 
or wounded. Personnel responding to shootings should 
wear ballistic protection. Extrication of patients in a “hot 
zone,” an area of immediate danger, should be performed 
by tactical teams with or without tactical medics. EMS 
personnel without proper training or ballistic protection 
should not respond any closer than the secure “cold” zone. 
Further response principles and philosophy are covered 
in Chapter 27. First-in law enforcement personnel have 
the best, if not only, chance of decreasing the mortality of 
mass shootings (see Chapter 36). 


PSYCHOLOGICAL FALLOUT OF A MASS 
SHOOTING/MASS KILLING 


A study of the survivors of a mass shooting in an office 
building where eight were killed and six were wounded 
revealed that one-third of them (12 of 36) met the 
Diagnostic and Statistical Manual of Mental Disorders- 
Fourth Edition (DSM-IV) criteria for acute stress reaction. 
Furthermore, this study suggests that acute stress reaction 
is a predictor of post-traumatic stress disorder (PTSD) that 
appears 7 to 10 months after the incident. Interestingly, 
none of these subjects even saw the gunman or were 
physically injured. Therefore, a significant and immediate 
threat to one’s well-being appears to be enough to 
precipitate an acute stress reaction and subsequent PTSD. 

A series of studies looked at survivors of the mass 
shooting incident at Luby’s Cafeteria in Killeen, Texas, 
immediately after, 1 to 2 months later, and 1 year following 
the incident. North et al. concluded that single interviews 
at index or a year later might overlook a significant 
portion of patients with PTSD (27). Disaster survivors 
with a psychiatric history, especially depression, may be 
most vulnerable to PTSD, and they may deserve special 
attention from disaster mental health workers. 

The survivors of the Oklahoma City bombing have 
also been studied (28). More than 34% of the survivors 


studied met the official definition of PTSD. Many of these 
cases began almost immediately following the bombing, so 
identifying PTSD right away is possible. The researchers 
also noted that most people in whom any psychiatric 
disorder developed also had PTSD, and they suggested 
that concentrating on PTSD could identify those most 
likely to require psychiatric care. Their research on several 
disasters has shown that disasters caused by willful human 
action are thought to do more harm than those caused by 
accidental human action. Natural disasters, or acts of God, 
appear to have the lowest emotional impact on survivors 
(see Chapter 7). In comparison with the Oklahoma City 
bombing (34%), the PTSD rate after the Luby’s Cafeteria 
shooting was 28%, but only 2% after a tornado. 


SUMMARY 


Mass shootings have been occurring with increasing 
frequency over the last 4 decades. Unfortunately, schools 
are becoming more common as incident sites. Forty-seven 
incidents from August 1966 through May 2000 resulted in 
804 victims. Of these victims, 438 died and 366 were 
wounded. The average mass shooting results in eight 
victims dead on scene and eight more wounded, one of 
whom ultimately dies of their wound(s) and some of 
whom are permanently disabled. Military wounding data 
appears to be applicable to civilian mass shooting data. 
These data reveal that patients with penetrating gunshot 
wounds to the brain have poor outcomes. The classical 
“golden hour” does not appear to apply to mass shooting 
victims, and the critical time in which lives may be saved 
would seem to be much shorter. Simple airway adjuncts, 
pleural decompression, immediate or early direct pressure 
over a compressible wound, and rapid evacuation to 
a trauma center are interventions that are simple and 
inexpensive and that could be performed by anyone with 
a modicum of training. The United States Army came 
to similar conclusions after analyzing WDMET, and they 
designed a course, called the combat lifesaver course (29), 
for the average soldier that emphasizes self-aid, buddy- 
aid, and the previously mentioned interventions. A similar 
course called the tactical lifesaver course has been written 
for civilian law enforcement personnel (30). Although this 
course has been piloted with federal, regional, and local 
Special Weapons and Tactics (SWAT) teams, it will have 
a significant impact only if every law enforcement officer 
has been trained, because of the difference in the relative 
response times of local police versus specialized response 
teams in mass shooting incidents. 

Although fragmentation and explosive devices are 
relatively uncommon in the United States, they have been 
used by perpetrators in the more recent incidents. 

The data collected for the purposes of this writing are 
from public domain sources. The recommendations and 
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conclusions based on these data are a starting point for 
emergency responders. Much more work is still needed 
to make more definitive recommendations for the triage, 
transport, and treatment of these patients. 
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Education, Training, 
and Research 


Education and Training 
in Disaster Medicine 


Ted Kellison'’, Timothy A. Soult and 
David E. Hogan 


“Real knowledge is to know the extent of one’s ignorance.” 
Confucius (551-479 BCE) 


INTRODUCTION 


In December 2005, a Google search for the term disaster 
education yielded more than 85 million hits. This was 
in stark contrast to the same search done in December 
2000 during the writing of the first edition of this 
textbook that yielded only approximately 35,000 hits. The 
question arises as to what has changed. The last half 
decade has seen the terrorist attacks on the Pentagon and 
World Trade Centers, the American anthrax attacks, a 
war launched targeting terrorists, and multiple threats 
and actual attacks against many civilized nations of 
the world. In addition, massive death and suffering 
have taken place because of natural hazards such as 
tsunamis, earthquakes, floods, firestorms, tornadoes, and 
hurricanes. Disaster medicine, of a sort, is now regularly 
forced to the forefront of public and political attention. 
Public and governmental expectations regarding the 
quality of medical care provided during a disaster response 
have increased substantially. 

The increased attention is well met by those of us in the 
disaster medicine community, who have been researching, 
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planning, and responding to these processes for most 
of our careers. Hovvever, the same problems exist vvith 
regard to educating health care providers on the principles 
of disaster medicine that were present long before this 
new level of national interest. Despite an increased level 
of interest, there continues to be few physicians and 
nurses actively involved in learning and teaching the 
elements of disaster medicine (1). This is likely due to 
the heavy clinical workload and time constraints placed 
on emergency health care providers on a daily basis. 


Changing Perceptions 


In the last few years, the complexities and expectations 
associated with the medical response to disasters have 
substantially increased. Disasters are not the random 
events of unpredictable nature that they appear to be. 
If not predictable in time and location, disasters are 
certainly predictable as to the nature, quantity and quality 
of casualties likely to be generated. The facts are that we 
already know and are continuing to learn a great deal 
about the nature of disasters as well as the many effective 
measures to mitigate the adverse impact of these events 
on communities. This knowledge equates to an expected 
(and necessary) improvement in the management of 
disaster casualties by local, regional, and national medical 
resources. The key to initiation of a more efficient and 
scientifically based disaster medical response is education 
of health care providers as to what we already know. This 
ground level education must then be coupled with the 
processes needed to learn more as covered in Chapter 39. 


Students of Disaster Medicine 


An appropriate response to disasters requires a wide 
range of skills on the part of disaster responders. 
First responders, paramedics, emergency physicians, and 
nurses represent a unique resource within a community. 
Historically, these individuals carry out most of the initial 
medical response to disasters of all types. They not only 
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have the experience of managing multiple casualties on a 
daily basis but most will also have actual experience in the 
response to a disaster event of some kind. In addition to 
providing an expanded disaster education to emergency 
health care providers, the general cadre of primary health 
care providers are a key asset to the provision of the huge 
need for primary care medical support during the recovery 
period of disasters. In addition, numerous specialties and 
subspecialty areas are needed to provide specialized care 
following a disaster. All these health care providers need 
both general and in some cases, area-specific disaster 
medical education to be effective in a disaster response. 
A crucial need exists for an expanded segment of the 
medical community to receive education in the principles 
of disaster medicine. Currently, most disaster-related 
education focuses on the “first responder” and is centered 
on the management of acts of terrorism. Although this is 
useful, a need exists for the development of a more detailed 
education in general disaster medicine aimed at mid- and 
upper-level health care providers. Medical management 
of terrorist events is indeed a component of disaster 
medicine, but is only one of the many potential disaster 
events a health care provider may face in the course of 
his/her career. It is the consensus of many that training of 
health care providers in a so-called all hazards approach 
that encompasses terrorism response along with response 
to other disaster types would be more beneficial and 
cost effective. Once trained, these health care providers 
should become actively involved within their institutions, 
organizations, and communities in providing accurate and 
scientifically valid disaster training. It is the opinion of 
the authors that disaster training programs must follow 
guidelines from a national level of experts in the field. 
More importantly, these disaster training programs must 
be developed and supported locally to provide response 
based on the specific needs of the community served. 


Medical College Teaching 


In the United States, the Liaison Committee on Graduate 
Medical Education (LCGME) is responsible for setting 
the list of essential core requirements for most colleges 
of medicine. The LCGME does not set the specific core 
content for each medical school, only the basic essential 
elements. As long as colleges of medicine adequately teach 
these elements, they may meet accreditation requirements 
by the LCGME. Beyond those essential elements, colleges 
of medicine have some freedom to vary the core content 
and curricula used. 

It is clear that at least “basic” disaster education should 
be provided for all physicians at the level of medical 
school (2). The questions then are as to when and where 
can this disaster education be done. Medical colleges, 
although already operating on a packed curriculum, do 
have a slight level of flexibility that will allow the insertion 


of at least rudimentary elements of disaster training. In 
addition, minor alterations of learning objectives and 
teaching examples throughout the curriculum may further 
encompass needed areas of disaster topics (such as using 
the example of anthrax during an exercise intended to 
illustrate general epidemiological principles) (2). 


Resident Physician Education 


Once students pass the level of medical school training 
and move on to residency programs, the core content 
and curriculum for training in various areas of medical 
specialty become much more specific. These core con- 
tent requirements for the individual medical specialties 
are detailed quite lengthily. Such core content require- 
ments are created and monitored regularly by the various 
Residency Review Committees (RRCs) of each medical spe- 
cialty. This leaves very little flexibility within the training 
period provided for inserting additional core content to 
the already packed curriculum. Such specialty training 
programs have over the years worked hard to optimize 
the amount of training that may be imparted within 
the time frame allotted for each residency. Increasing 
core content to include more advanced levels of disaster 
training would likely require expansion—at least to some 
degree—of the duration of training, or reduction of train- 
ing within other areas of their curriculum. Owing to the 
educational needs of each specialty, resident working hour 
constraints, and the expense this would entail, neither are 
acceptable options. 

Residency programs do have some flexibility that is 
often metered out as accepted “out rotations” and a few 
electives during the training. The development of an elec- 
tive rotation in disaster medicine has been one method 
of providing additional training in disaster medicine (3). 
Such rotation should consist of a structured learning ex- 
perience including, at minimum, the following elements: 


m Clinical emergency department experience with critical 
patients 

m Assigned readings from scientific, disaster-related arti- 
cles and books covering the basic aspects of disaster 
medicine 

m Administrative exposure by attending any disaster- 
related meetings 

m Skill sessions in mass casualty triage and resource 
constrained triage (other skill sessions as available 
depending on resources and the expertise of the faculty) 

m Formal assessment—criterion referenced—of the rota- 
tion objectives 


In some situations, it may be preferable to combine 
objectives provided in a “disaster medicine” rotation with 
those of an “emergency medical services” (EMSs) rotation 
depending on the resources and time constraints of the 
teaching institution. 
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A study conducted by the Task Force of Health Care 
and Emergency Services Professionals on Preparedness 
for Nuclear, Biological, and Chemical Incidents within 
the American College of Emergency Physicians (ACEP) 
and supported by the U.S. Department of Health and 
Human Services indicated that the training provided by 
a residency in emergency medicine provided an excellent 
foundation for additional training in the management of 
weapons of mass destruction (WMD) events (4). 


Nursing Education 


Educational programs for nurses in the United States vary 
from diploma programs to college-based graduate pro- 
grams. Each training program varies somewhat in content 
but is monitored by individual state nursing boards with 
input from organizations such as the American Nurses As- 
sociation (ANA) and in the case of emergency nursing, the 
Emergency Nurses Association (ENA). No specific certifi- 
cation for disaster nursing is available; however, a number 
of short educational programs exist. These programs also 
vary significantly in content and focus on covering a range 
of topics such as WMD, hazardous materials, or other spe- 
cific areas. In addition, essentially all triage education in 
nursing takes place in the work setting with little didactical 
or scientific component. 


OBTAINING A DISASTER-RELATED 
EDUCATION 


Currently, apart from a few variable fellowship programs, 
obtaining an education in disaster medicine is a diffi- 
cult proposition. The National Disaster Medical System 
(NDMS), the American Red Cross (ARC), the ACEP, and a 
few other organizations have been leaders in defining and 
providing educational programs for health care providers 
in disaster medicine. Although training programs provided 
by these organizations are of high quality, the objective 
and focus of each of the organizations differ substantially. 
Additionally, there is limited availability of these programs 
to health care providers because of budgetary constraints 
as well as political considerations. This makes obtaining 
quality disaster education expensive and time consuming 
for the middle- to upper-level health care provider. In 
addition, obtaining an advanced level of training and ex- 
perience in disaster medicine does not guarantee political 
or administrative access into the disaster planning and 
response arena at any level. 


DISASTER MEDICINE CORE CONTENT 


A core content, in general, provides a list of all the topics, 
ideas, principles, and skills that need to be learned by a 
student to perform a certain job or duty. A core content 


may be a short set of topics for simple procedures, but 
is more likely a longer set of items. Education in disaster 
medicine suffers from a lack of consensus on core material. 
In the United States, there has been no agreement among 
various organizations and individuals within the medical 
disaster planning and response community as to what 
constitutes the subject matter that one needs to master. 

Part of the difficulty is due to the broad range of 
knowledge, skills, and varying focus on the part of these 
same organizations and individuals. As has been noted 
in the early chapters of this text, Ernie Pyle, the World 
War II (WWII) correspondent remarked that the war was 
rarely larger than 100 yd wide to the individual soldier. 
Because this holds true for the medical disaster responder 
as well, key features in the overall disaster response may 
often go unnoticed although components of the individual 
responders within 100 yd receive greater emphasis in their 
mind. If disaster planning and education are based around 
such individual opinions alone, the risk is that the entire 
educational program devised will be no more valid than 
that same 100 yd. It is a continuing need that medical 
disaster responders, researchers, and planners must take 
up at some time in the near future to meet and arrive at 
an initial consensus as to the core elements of disaster 
medicine education. 


Examples of Disaster Core Content 


In the process of updating the core curriculum in emer- 
gency medicine, the curriculum committed added a basic 
set of requirements in disaster medicine to the lengthy ele- 
ments already existing in that specialty. Through a process 
of compromise and discussion, these topical elements are 
thought to provide at least the root requirements needed 
for an emergency physician to function effectively during 
a disaster. A slightly modified outline of these core ele- 
ments is demonstrated in Table 38-1. It should suffice to 
say that any educational program developed in the area 
of disaster medicine must first have defined core elements 
on which the teaching should be based. 


APPLICATION OF CORE CONTENT 


Instructional Systems Development 


m Tell them what you are going to teach them 
m Teach them 
m Tell them what you just taught them 


Instructional Systems Development (ISD) is a method 
that guides educational program development to maxi- 
mize educational gains (6). Created during WWII, ISD 
addressed the problem of training large numbers of people 
with varied educational backgrounds. The development of 
ISD represented the first “scientific” method of instruction. 
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) TABLE 38-1 Example of Core Content for Disaster Medicine 


Definition of disaster 

Disaster assessment 

Epidemiology of disasters 

Philosophy of disaster management and the incident command 
system 

Types of disaster/nomenclature 
Explosions and fires 
Mass crovvd gathering events 
Medical response to terrorist incidents (conflict related) 
Natural 
Transportation disasters 
Technological/industrial HazMat 


Phases of disaster response 
Notification 
Search and rescue 
Triage 
Medical care of disaster victims 
Disaster communications 
Record keeping 
Transportation and evacuation 
Debriefing/critical incident stress debriefing (CISD) 
Recovery 


Disaster medical care 

Rapid assessment of emergency health care needs 

Medical care of mass gatherings 

Disaster-specific medical problems 

Mental health and behavioral consequences 

For disaster casualties 
For professionals 
CISD 


Abbreviation: HazMat, hazardous materials. 


Shock and its treatment in field situations 
Trauma casualties 
Crush syndrome/injury 
Compartment syndrome 
Mass burn care 
Pulmonary casualties 
Pediatric casualties 
Neuropsychiatric casualties 
Toxic-chemical casualties 
Radiation overexposure casualties 
Blast injuries 
Medical supply/equipment management 
Essential drugs for disasters 
Pharmaceutical distribution/control 
Role of immunization 
Specific antidote and prophylaxis use 
Public health issues after disasters 
Nonmedical emergency responders 


Disaster information services 
Local/national/international disaster information 
Public relations 
Media coordination 
Legal aspects 


Disaster education 
Hospital disaster planning 
Disaster drills 
Postdisaster injury prevention and surveillance 


Disaster medical assistance teams (DMATs) 
International relief assistance 

Coordination 

Volunteers 


Data from: Task Force on the Core Content for Emergency Medicine. Revision: core content for emergency medicine. 


Acad Emerg Med 1997;4:628-—642. (5) 


The goal of ISD is to organize instruction and identify in- 
dividual performance requirements. ISD follows a series 
of orderly steps in the design, development, implementa- 
tion, and evaluation of an educational program. Although 
many models of ISD exist, a generic example in Fig. 38-1 
demonstrates the basic principles of the process. 


Determine Learning Outcomes 


The first step of ISD, determine learning outcomes, 
represents the creation of a series of goal and objective 
statements to define what the instructor wishes the student 
to be able to do on completion of the instruction program. 
The process of determining learning outcomes requires 
the creation of a goal statement and a series of specific 
educational objectives. The teaching segments or periods 
will be constructed around these goals and objectives to 
allow students to master the goals and objectives during 
the time allotted. 


Educational Goals 


A goal statement outlines the purpose or intent of the 
educational program and will guide the creation of the 
instructional objectives. In general, a goal comprises your 
decision as to what will be the learning outcome phrased 
within a short statement. The goals for a specific program 
are usually defined broadly; for example, “Emergency 
physicians will be able to recognize and provide the im- 
mediate treatment and appropriate disposition of crush 
syndrome casualties in the emergency department.” Goals 
set the overall tone and intent of the instruction segment. 
They should “paint the picture” of the abilities or knowl- 
edge to be gained because of the instruction program. 


Instructional Objectives 


Instructional objectives in comparison with goals are 
statements of behavioral or performance requirements 
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İnstructional system development 


Develop 
evaluation 
procedure 


Determine Determine 
learning [> instructional -—>} 
outcome procedures 


Implement 
instruction 


Design 
instructional 
strategies 


Evaluate 
instruction 


FIGURE 38-1. A generic instructional system development 
model. 


the students should be able to perform after participation 
in the instruction provided. Objectives define a specific 
action or skill the instructor wishes a student to be able 
to perform. A general example of an objective is, “List and 
discuss five steps in the treatment of crush syndrome in 
the emergency department.” There should probably be no 
more than six objectives for each educational segment or 
short period of instruction. 


Design Instructional Strategies 
and Develop Evaluation Procedures 


The next step in ISD is in reality two simultaneous actions. 
The effectiveness of the instructional session is determined 
more by the method in which the material is taught than 
by the material itself. The instructional strategy consists 
of the specific process and the order that you intend to 
present the instructional material to the students. First, 
the material to be presented is divided into distinct logical 
subsets. The presentation of the information should follow 
a logical, progressive series of steps, starting with simple 
concepts and building toward more complex principles 
and interactions. Creating an outline of the logical subsets 
is helpful and may easily be arranged into an overall 
instructional presentation. 

A key component of ISD is evaluation of the instruc- 
tional process. This allows the instructors to determine 
whether the instruction process being used is effective in 
getting the students to perform the goals and objectives 
set at the beginning. In this step, the evaluation criteria 
for the educational objectives are identified. This criterion 
is used to determine whether the instructional strategy re- 
sulted in the desired behavior or skill change. That is, what 
do the instructors want to see the students do to indicate 
that the instructional program has been successful. This is 
best accomplished by deciding what evaluation techniques 
will be used while one is deciding what instructional 
procedures will be employed. Knowledge-based material 


provided to the student (e.g., lectures or discussions) is 
tested by various oral or written methods, including es- 
say or multiple-choice questions in examinations. Skill 
techniques (e.g., intravenous line or airway skills) are 
evaluated through demonstration or actual practice us- 
ing model simulations or supervised clinical settings. One 
helpful technique is to list each instructional objective 
side-by-side with the evaluation technique addressing the 
specific objective. This helps insure that the evaluation 
method selected will match the content of the educational 
material being presented. The evaluation of students dur- 
ing the process of training is called formative evaluation. 
Evaluation of the student at the completion of the train- 
ing program is called summary evaluation. Both types 
of evaluation are important in determining the effective- 
ness of the instructional program. Without evaluation, the 
effectiveness of training is unknown as is the need for 
modifying the instruction. 


Determine Instructional Procedures 


Determination of instructional procedures is the process 
of selecting the specific method of presentation of the 
educational material to the students. The instructor has 
a myriad of instructional process available that may be 
used in achieving educational objectives. These include 
such modalities as lecture, discussion group, skill sessions, 
module-driven independent study, computer-assisted pro- 
grams, and many others. The method selected will often 
depend not only on the material being taught but also 
on other factors such as available time, budgetary con- 
straints, the number of students, and the level of student 
education. When designing instructional strategies, using 
appropriate teaching methods for the type of material 
taught is crucial. For example, a series of lecture sessions 
on intravenous techniques would not result in students be- 
ing proficient in starting intravenous lines. Students must 
be allowed to practice the motor skills in an appropriate 
fashion. Again, listing the educational objectives, instruc- 
tional strategies, and the instructional procedures side by 
side is an effective method of coordinating this process 
and achieving the teaching objectives. 


Implement Instruction 


Implementation of instruction is the next step of ISD. 
If possible, a field test of the instructional package is 
conducted before delivery to the intended audience. 
Presentation of the program to other instructors or to 
a select group of test subjects identifies areas that need 
modification and fine-tuning of the educational program 
before delivery to the intended audience. However, field 
testing of instructional programs is often not possible and 
one must rely on evaluation techniques alone to point out 
areas needing modification in the instructional process. 
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Evaluate Instruction 


Evaluation of the instruction provided is a critical step in 
any educational process. As noted previously, one cannot 
judge the effectiveness of the instructional process without 
adequate evaluation. The success or failure of the students 
in achieving the learning objectives is a direct measure of 
the successfulness of the educational program. When stu- 
dents are clearly not meeting the instructional objectives, 
the problem is usually with the instructional process and 
not the students themselves. In this eventuality, an inves- 
tigation is conducted to determine the problems with the 
instructional process so that corrective actions may be 
taken. 

Additional evaluation of instruction should be obtained 
through some sort of survey instrument provided (at least) 
at the end of the instructional process. Both the individuals 
providing the evaluation (feedback) and the method used 
to obtain that evaluation are important. Both students and 
faculty should provide feedback regarding the educational 
experience. Use of a questionnaire with Likert scale 
questions is one of the most common methods; however, 
there are others available. Keeping some questions open 
ended to allow for individual comments is important in 
obtaining useful comments related to the instructional 
process. Anonymity of the responders filling out the 
evaluation will encourage honest and candid answers. 

The information gained by the evaluation process is 
used to modify the instructional process so that the ed- 
ucational objectives are more effectively achieved. This 
final step creates a closed loop for ISD in which the ongo- 
ing instruction, response, and performance of the faculty 
and students serve to improve the learning experience 
on a continual basis. The creation of disaster medicine 
educational programs following this methodology will be 
better organized and more efficient from the standpoint 
of the educators, and better received and retained by the 
learners. 


PRESENTATION METHODS 


Many methods exist by which teachers may impart infor- 
mation to students. The use of the ISD helps to organize 
the overall educational process. Individuals tasked with 
providing education for their institutions or agencies of- 
ten struggle to create relevant and effective educational 
programs. The following section provides an overview of 
several common educational methods that may be used 
to present information. Health care providers within vari- 
ous institutions and organizations are encouraged to seek 
training available in most communities to improve their 
effectiveness as educators. 


Internet-Based Programs 


The Internet is a potential mechanism for providing dis- 
aster medicine-related education. As example, one site 
sponsored by the Agency for Healthcare Research and 
Quality (AHRQ) with the University of Alabama Birming- 
ham Center for Disaster Preparedness focuses on training 
primary care physicians in the diagnosis and treatment 
of unusual infections, and the detection and management 
of bioterrorism events with anthrax and small pox (7). 
Available at http:/;www.bioterrorism.uab.edu, this pro- 
gram offers five online courses for emergency physicians 
as well as nurses, radiologists, pathologists, and infection 
control workers. Several important aspects of these online 
programs are that they are of high quality, delivered at 
no cost, and provide continuing medical education (CME) 
credit to students. Although programs such as this are not 
the overall solution to the disaster education issue, they 
may well provide much of the initial knowledge base on 
which to build disaster medicine expertise. 


The Lecture 


The traditional educational process is predominately by 
lecture. Lectures provide several advantages over other 
methods of teaching. These advantages include transmis- 
sion of a large amount of material in a short time, dissem- 
ination of unpublished or difficult-to-find materials, and 
allowing the instructor to control the contents, organiza- 
tion, and pace of the material (8). Additionally, lectures 
may be produced ina relatively short period of time. Unfor- 
tunately, the lecture format places the student in a passive, 
rather than active, role in the learning process. This passive 
role hinders learning and results in a one-way communi- 
cation from the speaker to the student. To be effective, 
the presenter of the lecture must have an organized and 
dynamic speaking ability and awareness of the need for 
active engagement of students during the lecture process. 
A key to presenting an effective lecture is in having 
a thorough knowledge of the material presented. The 
material must then be presented in a confident manner 
and an organized fashion. On average, the experienced 
presenter will spend 3 to 5 hours in content preparation 
and organization for each hour of lecture. Determining 
how much information the students may reasonably 
be expected to absorb during a single presentation is 
important. If one has sufficient information such that a 
series of lectures will be needed, the content should be 
divided into essentially equal portions. This will be helpful 
in determining the number of lectures required to present 
the information. When planning, one should allow for 
cancellations, guest lectures, and discussion periods. Allot 
longer periods for complex issues than for simple topics. 
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The number of student participants often determines 
presentation styles. Lectures to small groups are often 
more effective than are presentations to larger groups. 
Small groups allow more interaction with the students 
and have a more conversational presentation format. 
Large groups allow for little individual interaction. Such 
activities in large groups are usually limited to formal 
question-and-answer sessions following the lecture. 

In general, organize lectures into three distinct parts: 
the introduction, the main body, and the closure. The 
introduction should contain a sequence intended to 
grab the learner’s attention immediately, a humorous 
story or interesting case can motivate them to pay 
attention, provides structure for the lecture in the mind 
of the learner, and to indicate the objectives of the 
lecture. Next, the learner should organize the main 
body by outlining the content of the lecture in a 
logical sequence. A number of schemes may be used 
to do this. The cause-and-effect scheme is valuable when 
events may be cited and explained by reference to their 
particular origins. The time sequential method arranges 
lectures along a chronological fashion. The topical theme 
focuses on specific different areas of information in a 
successive manner. The problem-solution scheme states 
a problem and then provides one or more solutions 
for that problem. The pro-con approach consists of an 
alternating, two-sided discussion throughout the lecture. 
Finally, the ascending-descending method arranges lecture 
information according to its importance or complexity. 
Examples are created to illustrate key ideas or concepts to 
help familiarize students with the new material. 

Finally, the instructor should create a set of points and 
examples that emphasize the major educational objectives 
of the lecture. Not more than approximately five major 
points should be presented per lecture, and lectures should 
be kept below 45 minutes in length. Longer lectures result 
in a loss of attention and decreased effectiveness on the 
part of the learner. The end, closure or conclusion of the 
lecture should be strategically planned. The closure draws 
attention to the end of the lecture, helping the listener 
organize information as well as reinforce the specific 
learning objectives presented by the lecturer. 

Visual aids such as slides, transparencies, and com- 
puter projections are valuable in sustaining the students’ 
attention and interest during a lecture. The diverse ap- 
proach to creating these aids goes beyond the scope of 
this book. The main point to remember is that visual aids 
should add to and not detract from the educational expe- 
rience. Use of poorly selected color combinations or fonts 
that make the visual difficult to read will ruin an otherwise 
excellent presentation. Slides should have no more than 
five bullet points. Use more slides with fewer points per 
slide to keep the listeners’ attention. Overuse of animation 


or sound effects through computer generated slides will 
have a similar effect. 


The Discussion 


When compared with the lecture format, which dispenses 
a large amount of information in a single session, the 
critical ingredient in the discussion is the interaction be- 
tween the teacher and the students. Discussions are more 
difficult to organize and conduct than lectures. They re- 
quire considerable knowledge of the topic material on the 
part of the instructor, as well as prior preparation by the 
students participating in the discussion. Although lectures 
are important in providing basic low-level information, 
discussions facilitate a higher level of learning and syn- 
thesis of the information provided. Ina health care setting, 
learning frequently occurs through discussions among su- 
pervisors and colleagues in informal settings such as the 
break room, following prehospital runs, at the bedside, 
and after resuscitations. Formalized discussion sessions 
take these educational experiences into a structured en- 
vironment that is free of distractions. The benefits of 
discussions can be optimized in situations where one is 
assured that the students have a previous knowledge of the 
particular topic. The major advantage of the discussion is 
that it requires active involvement and participation by 
the student in the exchange of facts and opinions. The 
major disadvantages are that significant time and effort 
are required to create a discussion session, effort is re- 
quired to maintain a focus on the objectives, and attention 
must be devoted to involving all members of the discus- 
sion group. Discussions are not particularly effective in 
disseminating new information. They are, however, ad- 
vantageous in creating a higher level of understanding 
of a previously provided knowledge base. They can be 
used as a retrospective review of the events that just oc- 
curred and used as a teaching modality for improvement 
of the process. The dynamics and methods of creating 
effective discussion groups are quite complex. Guides for 
creating discussion groups are readily available (9). 


Seminars 


Seminars may be the first step in disaster education for 
any community or agency. They are generally low-cost 
activities, and they can inform a variety of participants. 
Often these are provided in a lecture format, but they 
should encourage audience participation as much as 
possible. The emphasis should be on the identification 
of problems within the disaster planning and response 
community and on deriving solutions for those problems. 

In the setting of formal CME activities, it has been 
demonstrated that simple didactical lecture sessions do 
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little to change physician behavior or performance in ac- 
tual clinical practice. Hovvever, educational activities that 
encourage active participation by the learners and provide 
the opportunity to practice skills can effect changes in 
physician clinical practice (10). As yet, there has not been 
a single educational modality that has been demonstrated 
to effectively and consistently improve physician perfor- 
mance after CME programs (11). Hovvever, several factors 
have been identified that do seem to enhance physician 
learning and later clinical performance. These are, (a) an 
interactive approach among physician-learners, (b) oppor- 
tunities to practice any skills learned, (c) sequenced learning 
organization, and (d) a multifaceted approach to the mate- 
rial to be learned (11). In addition, physician learning is 
improved when previous learning experiences and assess- 
ments of current knowledge and needs are assessed before 
the initiation the educational program (12). 


The Simulation 


After lectures, simulations are the mainstay of teaching 
methods in disaster medicine. Every hospital disaster drill 
greeted by apathy and groans on the part of the medical 
staff is in itself a simulation. Simulations may range from 
community-wide drills with moulaged patients to tabletop 
board games and seminars. Publilius Syrus, Syrian born 
Roman writer, actor and philosopher of the first century, 
said, “Practice is the best of all instructors.” Thus stated, 
all participants in the simulation should be in the role 
they will perform in the actual event. Services that send 
delegates to the simulation are not getting the information 
and knowledge needed to perform at a high level when the 
need arises. Remember you only play how you practice. 


Tabletop Exercises 


Tabletop exercises are an extremely cost-effective and 
highly efficient method of providing disaster education 
to personnel and of testing plan procedures. The players 
involved in a tabletop exercise are provided with an 
excellent opportunity to interact and to understand the 
various roles and responsibilities that are required during 
a community disaster response. This type of exercise 
brings the members of the community’s disaster response 
team face-to-face in an intimate situation promoting 
familiarization and camaraderie. The participants of the 
exercise are subjected to a high degree of realism regarding 
the problems faced during a disaster response. 

During a tabletop exercise, the key players of the group 
are all within a confined area. This proximity allows 
the exercise to pause as necessary to provide educa- 
tional direction and counseling before proceeding with 
the next phase. Elaborately designed tabletop exercises 
may include sophisticated audiovisual presentations, scale 


model environments, and real-time communication tech- 
niques. Tabletop exercises have a particular advantage 
of bringing the multiple agencies that span the spec- 
trum of the disaster response community together. They 
allow these individuals to interact in ways they often 
would not during a field exercise. The involvement of 
all key personnel within the community (fire, EMS, hos- 
pitals, emergency departments, public service agencies, 
federal agencies, news media, and others) should be en- 
couraged. 

The degree to which a tabletop exercise simulates a 
real disaster depends primarily on the imagination of 
the simulation’s creators and participants. The scenarios 
played out should be realistic, and based on valid 
assumptions of risk. An introductory session outlines 
the rules of the tabletop exercise. The activities of the 
scenario should be carefully and meticulously scripted 
in a time sequence manner and read through by the 
group directing the tabletop exercise. The director of the 
scenario conducts the exercise much as a conductor of a 
symphony. Regular pauses in the activity should be built in 
to provide direction, thereby ensuring that the educational 
objectives of the tabletop are met. Periodic discussion 
of the educational objectives prevents participants from 
solving situational problems too quickly by unorthodox 
means. After the exercise, a debriefing session is held to 
compare the performance of the participants with the 
objectives of the exercise. 

The area used for the tabletop exercise must be large 
enough to accommodate the number of participants and 
the required equipment (e.g., boards, scale models, maps, 
telephones, simulated news media equipment). All the 
necessary audiovisual aids should be in place and tested 
the night before the exercise. A lecture theater may be 
suitable, but often a large room with conference tables 
better accommodates this type of training. Separate rooms 
are required for the training staff who are conducting the 
exercise, as well as for smaller groups that may be isolated 
from the main body of participants (e.g., communication 
specialists, incident commanders, support staff). 


Control Post Exercises 


Control post exercises are particularly useful in teaching 
and testing the organizational relationships and communi- 
cation links for a particular agency. Control post exercises 
typically involve the team leaders and the communications 
teams for each participating agency. These individuals 
take positions at the control post they would normally 
take during an actual disaster. The exercise tests not only 
the communication arrangements but also, and more im- 
portantly, the flow of information among team leaders 
positioned throughout the city. Control post exercises are 
effective in testing plans and procedures through mem- 
bers of various departments. For this reason, they are cost 
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effective. Unfortunately, they do not involve the frontline 
staff of the operational teams. 


Field Exercises 


Field exercises may range from small-scale tests of specific 
components of the disaster response to broad community- 
wide disaster exercises. They require considerably more 
organization and planning than the other types of disaster 
educational experiences. Field exercises provide the best 
overall means of testing the community’s ability to respond 
to a real disaster, as well as enabling a unique educational 
experience. The more realistically a field exercise simulates 
a real disaster, the more effective the educational process. 


Expense 

Field exercises often involve a great deal of expense. This 
expense is not only the planning and implementation 
of the exercise but also the man-hours associated with 
the involvement of the participants. Several methods can 
reduce the costs of these exercises. First, because many 
agencies such as hospitals, EMSs, and fire departments 
are required to conduct drills on a regular basis, resources 
may be combined into a joint exercise fulfilling all of 
the various agencies’ requirements. In some instances, the 
number of players participating in the field exercise may be 
limited to key individuals from each institution or agency. 
Field exercises may be scheduled to fall within working 
hours to avoid the need for overtime pay. Schedules may 
be rearranged to conduct field exercises during on-duty 
time reserved for training. 


Planning Group 

Usually the first element of the field exercise is the creation 
of a committee comprising an exercise-planning group 
to devise the nature and script for the exercise. This 
group should contain individuals across the spectrum 
of specialties needed for disaster response within the 
community. It must also have the ability to liaison with 
all participating agencies during the planning stages of 
the field exercise. As one of its initial tasks, the group 
must decide upon an objective for the field exercise and 
the degree to which the exercise will train and test the 
overall response plan. All agencies with a role to play in 
a disaster response should be invited to take part in the 
exercise. These agencies should be involved in the planning 
stage, as well as in the debriefing sessions. The planning 
sessions may be time consuming, which might make direct 
participation of managers, executives, and chief officers 
difficult. Designees of these individuals may act as their 
proxy, but these substitutes should keep their supervisors 
informed of the progress of the planning group. The 
planning group should allow a sufficient amount of time 
to prepare for the field exercise. Planning sessions should 
begin several months before the actual exercise occurs. 


Ideally, individuals involved in the planning of the exercise 
should not participate directly. They should function as 
moderators, observers, or evaluators during the exercise. 

The goals and objectives of the exercise must be clearly 
established at the beginning of the planning sessions. The 
most realistic method is to have each agency submit a set 
of objectives, then combine and modify the objectives to 
represent the objectives of the overall field exercise. The 
objectives should be realistic, based on valid assumptions, 
achievable by the participants, and provide both an 
educational and evaluative function. The exercise should 
practice the plan, not the chaos, of the disaster. 

The planning group should develop a realistic scenario 
to ensure the participants will take the exercise seriously. 
Exercises should also have a realistic timescale. Consider- 
ation should be given to the nature of the incident and the 
date and time of the scenario, as well as to other condi- 
tions, such as weather, visibility, traffic, and the nature of 
victims involved. 


Time-Lapse 

Field exercises may also be conducted in time-lapse 
manner. In this situation, the planning group determines 
whether the exercise will flow in real time or in snapshots 
of time. For instance, EMSs may spend a considerable 
amount of time working out the intricacies of scene triage 
and immediate patient management. From that point, the 
scenario may move to the emergency department phase 
without testing the transportation utilities. 


Controlled 

Field exercises may also be conducted as a controlled 
exercise. A controlled exercise occurs when the scenario 
and all specific events are carefully scripted similar to the 
tabletop method. In this way, the directors of the exercise 
carefully control the evolution of the disaster response. 
Control-type field exercises are an excellent way to train 
and to test specific aspects of a disaster response; however, 
the inflexibility of this method may limit the ability of the 
participants to problem solve and learn how to deal with 
unexpected events. 


Free Play 

Another option for field exercises is free play. These exer- 
cises are considerably more spontaneous than control ex- 
ercises. Once the exercise begins, the direction of the exer- 
cise is dictated by the participants’ actions. For an easy 
access of more background information by participants, 
free play field exercises require a larger directing staff and 
a much more comprehensive training scenario. Although 
free-play exercises are more realistic and stimulating, they 
may make teaching or testing specific parts of the disaster 
response plan more difficult because the participants 
may bypass parts of the plan as the scenario plays out. 
Combining both control and free-play scenarios is possible 
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to some degree, particularly within individual groups of 
exercise participants. 


Location 

Selection of the location for the exercise should be given 
careful consideration. Members of the planning group 
should visit the initial location and determine the probable 
conditions surrounding the location on the actual day 
the field exercise is to occur. Written consent to use 
the location should be obtained from the agencies or 
entities in control of the site. In addition to the site of 
the field exercise, a specific location should be set aside 
as an exercise base. This is particularly helpful when 
planning large-scale exercises. A suitable building with 
adequate access and communications equipment should 
be secured. Preferably, this structure should be one owned 
by a participating agency. This location may serve as an 
assembly point for the exercise directors, observers, and 
evaluators. If possible, the exercise base should be within 
walking distance of the field exercise site. If not, mass 
transportation from the exercise base to the field exercise 
site should be provided to diminish the overall vehicular 
traffic within the area. 


Safety 

Safety is an important consideration while conducting 
the field exercise. Before conducting a live exercise, all 
participants, including observers and evaluators, should 
be briefed on the potential hazards and safety protocols. 
Participants must be aware of the boundaries for the 
controlled environment so that safety is reasonably 
assured. Overlap of the field exercise into nonsecure areas 
of the community may generate not only community 
concern but also serious safety hazards for the public and 
field exercise participants. Safety audits of all structures 
and areas should be conducted before the field exercise. It 
is of critical importance that the participant understands 
that field exercises are for the purpose of practicing 
disaster response and are not an excuse to violate standard 
safety protocols. Planning must include the possibility of 
providing emergency medical care (e.g., first aid, EMS) 
to the participants. Individuals monitoring the exercise 
must have the ability to stop the exercise immediately in 
the event of major safety violations or actual emergencies. 
Adequate amenities (e.g., food, water) must be available 
to the participants for exercises of longer duration. The 
planning group should anticipate the need for additional 
personnel to ensure public safety. 


Public Information 

Public information is essential before the initiation of the 
exercise. Prior news releases should be sufficient to inform 
most of the population of the exercise, but they should be 
low key enough to prevent large numbers of spectators. The 
area should be secured against visits by uninvited viewers. 


Exercise Controller 

An exercise controller must be appointed. This individual 
must have overall control and authority to alter the 
planned program or stop the exercise for any reason. 
In addition, several exercise directors should be appointed 
to ensure that the scenario plays out correctly, as well as to 
provide information regarding the status of the exercise to 
the exercise controller. Exercise directors may intervene 
during appropriate points of the scenario to ensure that 
the educational and testing objectives are met. However, 
this intervention should be kept at a minimum and used 
only as a last resort. This will allow the participants to 
correct the problems they have encountered. Exercise 
directors should intervene if confusion exists about the 
scenario or if an organizational problem out of the control 
of the participants occurs. They must intervene if failing 
to do so will compromise the exercise objectives or if the 
actions of a single person or group are jeopardizing the 
opportunities the exercise affords. 


Evaluators 

Evaluators monitor the exercise and measure performance 
with the educational and testing objectives. They have 
no direct role or responsibility in the mechanics of the 
exercise. They are knowledgeable of the overall objectives 
of the exercise, but they do not necessarily require detailed 
knowledge of the scenario. 


Observers 

Observers play no role in exercise but serve as witnesses 
for assessing the overall preparations and organization 
occurring during the scenario. They are selected by 
various agencies based on their areas of expertise. They 
are clearly identified and they must be afforded access 
to all parts of the field exercise area. Observers can 
provide valuable information to their respective agencies 
regarding performance during the exercise. 

Special observers (e.g., political officials, members of 
the public, and other dignitaries) may be afforded the op- 
portunity to observe the field exercise. Individuals familiar 
with the scenario and the protocols for disaster training 
and response should escort these special observers. These 
escorts may provide an explanation of the events that 
are unfolding as the scenario progresses. Creating a desig- 
nated observing area provides these special observers with 
an overall view of the field exercise. 

To avoid confusion, all individuals such as the exercise 
controller, the exercise directors, the evaluators, and the 
observers must be clearly identified to separate them from 
exercise participants. This identification may take the form 
of vests or highly visible badges. 


Communications 
Although the field exercise is often used as a method for 
testing communication mechanisms, the communication 


38. Education and Training in Disaster Medicine 463 


links available for the individuals conducting the exercise 
must also function. An agreed channel of communication 
should be set up among directing staff so that all members 
are aware of developments and changes as the scenario 
progresses. In addition, the exercise staff must be able to 
contact nonparticipating emergency agencies if problems 
arise. All surrounding agencies must be made aware of 
the exercise in advance to prevent radio traffic from being 
misinterpreted as an actual disaster. 


Documentation 

Documentation and incident recording should be prac- 
ticed during the scenario just as it would be during 
an actual response. The information gathered becomes 
particularly useful during the debriefing. Moreover, famil- 
iarity with documentation practices gained in the exercise 
will increase their use during an actual event. Documenta- 
tion decreases confusion regarding casualty location and 
condition and provides valuable information for reviewing 
and researching the disaster. 


News Media 

The news media is a major part of the response to any 
disaster incident. Therefore, they must be included in 
the disaster scenario to some degree. A news media well 
educated in community disaster response is an invaluable 
asset, whereas a poorly educated or hostile news media 
will significantly exacerbate a critical disaster situation. 
The news media should be invited to the field exercise, 
and key members of the news media should become 
familiar with the key players of the response team. Each 
agency should have their appointed public relations officer 
interface with the news media. Regular news briefings 
should be simulated as part of the exercise because this is 
a major part of disaster response. 


SUMMARY 


A serious need for education in disaster medicine exists. 
Comprehensive fellowship training programs for physi- 
cians based on valid scientific assumptions are essential. 
Organized educational programs covering the basic prin- 
ciples of disaster medicine should be integrated into the 
training of all health care providers in the country. Emer- 
gency health care providers should take the lead role 
in the educational process in disaster medicine in their 
communities. 


The effectiveness of lay public training in disaster 
response and preparation has been well documented (13). 
It is well known that in the initial hours of a focal 
disaster such as tornado, earthquake, fire, or explosion, 
most of the initial rescue and care is provided by 
laypersons at either the scene or responding from the 
surrounding area. In some communities, training has 
been provided to laypersons within high-risk areas in 
principles of “basic disaster life support.” Such training 
is well retained and practical for the public in the same 
manner as cardiopulmonary resuscitation (CPR) classes. 
The philosophy is that such individuals will likely be 
performing rescue and treatment tasks after a disaster 
anyway. As such, training will decrease the chance of 
injury to those involved in lay rescue and improve 
the quality of first aid provided. EMSs and emergency 
departments may take an active role in providing such 
training programs within their communities. 
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Research in Disaster Medicine 


Kobi Peleg and Limor Aharonson-Daniel 


“Know thy self, know thy enemy. A thousand battles, a 
thousand victories.” 
Sun Tzu: The Art of War (ca 500 BCE) 


THE SCOPE OF DISASTERS 
AS A HEALTH PROBLEM 


It is only by studying disasters and the response of human 
beings to them that we can provide a scientific and valid 
foundation on which to build programs that prevent, 
minimize, or respond to these events. Disasters often occur 
unexpectedly and cause an unforeseen number of deaths, 
injuries, and illnesses in the affected population. There 
are many types of disasters, both natural and man-made 
(including intentional and unintentional). Each disaster 
poses different management, resource, and treatment 
requirements, all of which have implications for disaster 
medicine research. 

Different events will vary in their epidemiological pro- 
files and pathological characteristics. As such, disasters 
represent an assortment of morbidity and mortality pat- 
terns that will vary in the medical needs for response. As a 
result, each kind of disaster is handled differently in terms 
of emergency services management, control of resources, 
and management of casualties. Understanding these dif- 
ferences accurately is crucial for planning, designing, and 
implementing disaster medical response and recovery pro- 
grams. This implies that emergency responders need to be 
attentive to these specific differences so as to prepare prop- 
erly. The scope of the disaster—the number injured or ill, 
and the type and severity of injury or disease in the popula- 
tion—will affect the type, urgency, and volume of medical 
response required. Public health threats may result, which 
with accurate information may be predicted epidemiolog- 
ically as to finite or increasing numbers of casualties. And 
finally, damage to infrastructure and availability of medi- 
cal resources will be a primary constraint that limits the 
pace, type, and volume of medical response. 
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There are multiple factors involved in disasters that are 
interdependent through complex associations; however, 
the process of the response may be thought of in three 
basic phases. These phases are triage, evacuation, and 
hospital care (definitive care). In the recovery phase of 
the disaster, transfer of casualties (if necessary), control 
of public health issues (epidemics), and further rehabil- 
itation are the focus of activities. Additionally, there are 
other factors that will influence medical care and disease 
control. Some examples are the availability of clean water, 
sewage processing, sanitation, electricity, communication, 
and supply and maintenance capabilities. Some disasters 
(such as biological warfare agent releases) may require 
mass vaccination and/or prophylaxis programs that will 
dictate a whole different approach. The resources and the 
organizational structure available for command and con- 
trol will have a direct impact on the ability to provide the 
best care and contain an epidemic, if evolving. 

Late phase problems such as famine and the develop- 
ment of fear-related symptoms such as acute stress dis- 
orders or post-traumatic stress disorders (PTSDs), may 
arise. Refugees and orphans will require protection and 
solutions, as they are prone to illness and are in need of 
food and shelter. Finally, psychosocial factors will need to 
be treated, as factors such as migration stress, fear, panic, 
and disruption of routine will all have an effect on the 
health of the society. Disasters may damage or destroy in- 
frastructure including roads, hospitals, and clinics, which 
then will not be able to function during the emergency. 
Moreover, the disruption of routine health provision and 
the overload caused by disaster-related demand will have 
adverse health implications. Table 39-1 depicts the oc- 
currence of different health problems at different times 
after a disaster and gives a general snapshot of necessary 
resources at the different stages before, during, and after 
a disaster along with interesting areas for research. 

The medical resources required depend largely on the 
type of disaster and the evolving medical problems. Such 
resources may include emergency health care providers, 
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) TABLE 39-1 Matrix of Various Health Problems Over Time during a Disaster 
and the Resources Needed for Disaster Response 


Time 
2 Preevent Immediate Subsequent Late Later 
s 
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FIGURE 39-1. The divisions of disaster response and their 
general roles. 


trauma specialists, general surgeons, specialty surgeons, 
nephrologists, search and rescue teams, and others. 
Skilled and knowledgeable triage is important as well as 
appropriate methods of medical evacuation. Helicopters 
equipped for transferring patients to more remote care 
facilities, mobile hospitals, beds, medications, fluids, and 
more, may be needed to replace or augment basic medical 
care facilities within the disaster area. 

Disaster medical management is a complex matrix of 
activities and organizations. It can be roughly divided 
into three areas, medical care, public health, and disaster 
management. The different roles associated with each area 
appear in the center of Fig. 39-1, where the frame includes 
the management concepts crucial for successful disaster 
medical management. 


PREPAREDNESS FOR DISASTER 
MEDICAL CARE 


The probability of health care providers experiencing a 
disaster and the potential types of disaster threatening 
each community are largely based on their geograph- 
ical location. It is obvious that health facilities near 
active volcano or earthquake zones will be more likely 
to have well-rehearsed preparedness plans for disaster. 
Villages in Africa may be more prone to be affected by 


466 VI. Education, Training, and Research 


drought, famine, or epidemics and have support from 
international nongovernmental organizations (NGOs) for 
handling them. Most health care providers will have at 
least some involvement in a disaster at some point in their 
career. A disaster plan should be designed to decrease the 
chaos during the medical response and optimize the level 
of medical care provided. Recent worldwide terror events 
have raised awareness and brought about the recognition 
that being prepared for disasters caused by such attacks 
is applicable to a much broader group of nations than 
previously considered. 


HAZARD MANAGEMENT 


Hazard management is based on research and proceeds 
to policy development, and the implementation of such 
policies. A policy in hazard management is used to guide 
all facets of planning and response to specific hazards. The 
first issue in policy development is hazard assessment, 
including analysis of the physical hazard and social 
vulnerability of the population at risk. When hazard 
mitigation practices are founded on this research-based 
policies they have been proved to be effective (1,2). In 
addition, land use practice and construction practice 
analyses are also valuable tools for hazard mitigation. By 
changing types of land use, and decreasing the intensity of 
occupation of the most risk-prone areas, we can decrease 
the number of structures impacted by the disaster, and in 
some cases, increase or restore the natural productivity of 
the land to protect communities. Such practices have been 
shown to be as useful as in the movement of communities- 
at-risk from tsunamis farther away from the sea shore 
and the creation of mangrove areas in their previous 
location (3). 


IMMEDIATE NEEDS ASSESSMENT 


One of the unique characteristics of disaster research 
when compared with other areas of research is that it is 
used for immediate needs assessment. Rapid collection 
and analysis of information as well as situational condi- 
tions and needs are vital to guiding a coordinated disaster 
response. Disaster medicine research methods are used 
to collect and analyze data rapidly to provide more accu- 
rate information to those planning and implementing the 
disaster response. The significance of this role was demon- 
strated in the Bangladesh cyclone of 1970. Managers of the 
disaster response, with no information on the health of the 
population affected by the disaster, were forced to direct 
relief efforts and medical assistance on the basis of what 
donors made available or what was assumed to be appro- 
priate by other agencies, rather than on measured need. 
As a result, disaster areas were cluttered with outdated 


or unnecessary vaccines, medical teams with no support, 
relief programs that did not match needs, and more. In 
Cambodia, a decade later, no fewer than 30,000 physicians 
and nurses from around the world volunteered to work 
with refugees, many of whom lacked the skills and experi- 
ence required. These relief operations were criticized and 
called the second disaster (4). 

The recognition that the effects of disasters on the 
health of populations were amenable to study by epi- 
demiological methods and that it was possible to identify 
patterns of morbidity and mortality as well as needs and 
deficiencies, signaled the beginning of a more organized, 
informed approach to disaster research and response. 
Following the 1976 earthquake in Guatemala, studies 
identified important risk factors for death and injury 
due to earthquakes (5,6). Subsequent disasters includ- 
ing the earthquakes in Mexico City, Armenia, and Turkey 
demonstrated the utility of epidemiological research of 
disasters to create a scientifically valid foundation for 
increasingly effective and coordinated disaster interven- 
tion strategies (7,8). Such research has often focused on 
the clinical public health and management aspects of the 
medical care provided during a disaster. 


PROBLEMS IN DISASTER MEDICAL 
RESEARCH 


There is often great difficulty in applying standardized sci- 
entifically accepted techniques within the context of the 
destruction, fear, disruption, and infrastructure break- 
down of a large disaster. The infrequency of events and 
difficulty in prediction of the onset time, the form of the 
disaster, and sometimes even the population impacted, 
further increase methodological challenges. This is par- 
ticularly true in attempts to track exposure, interventions, 
needs, or health outcomes of disasters. Study design and 
statistical methods may therefore vary from more com- 
mon scientific studies, although the drive to maintain 
accepted scientific standards in regard to sampling meth- 
ods and analysis prevails. The scientific study of the impact 
and medical response of a disaster, in short, requires flex- 
ibility and adaptability in study design on the part of the 
researchers. 

The timing of research is vital in disaster research. In 
routine medical research, a study can be planned prospec- 
tively or retrospectively and initiated according to sched- 
ule. In disaster research (except for the rare event during 
which there was an ongoing surveillance in a high-risk 
area before the disaster occurred) a study will usually be 
launched after the disaster. Some aspects of the research 
will inevitably be retrospective, although quick and orga- 
nized action can enable some prospective data collection. 
The exact timing for study initiation is affected by both 
the study aims and practical limitations. Questionnaires 
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or other data collection instruments can be prepared as 
shelf programs to be activated upon occurrence of dis- 
aster. Hovvever, reaching a disaster area vvithout delay 
to collect data may be impossible due to infrastructure 
damage, dangers, or other constraints. As a result, evi- 
dence may be lost during rescue or evacuation, cleanup, 
and recovery. Such data is referred to as “perishable” and 
is usually lost if not collected quickly after the disaster 
impact (9). Being aware of this is important for disaster 
researchers as it encourages quick action so as to obtain as 
much relevant data as possible, even if only a rudimentary 
research protocol has been created. 

Another problem roots from the fact that disaster re- 
search is often conducted in different communities or 
even different countries where culture, organization, in- 
frastructure, government, command, and control forces 
may be different. Apart from the obvious difficulties in us- 
ing research instruments built in one country to evaluate 
another, the researchers themselves may draw conclusions 
based on standards and cultures that will not do justice 
to local population. Results based on such studies may be 
highly biased and erroneous, providing recommendations 
not suitable for the country they were made for. One so- 
lution for this problem is to include local residents and 
health care providers as researchers. In addition, local 
researchers and research entities should cooperate in the 
analysis and conclusions of any studies done in their area 
so as to make the generalizations taken from the study 
more valid. Researchers are often seen as outsiders even 
within disasters in their own nation. Displaying genuine 
respect and compassion for the local community impacted 
by the disaster will go far in insuring a successful data col- 
lection effort. Anything less than such an attitude is not 
only unethical but may also result in the researcher being 
shunned by the local populace and agency directors, the 
very source of most data (10). 

To be responsive to local needs, projects should be 
based on detailed, community-specific information. This 
information should include an assessment of the physical 
and social needs of the community. An official process 
of gathering input from the citizens, local government, 
NGOs, and other agencies is a good way to get such 
information. Regional coordination requires combining 
the local needs assessments of all communities in the 
region. From this combination of information, the most 
pressing needs can be selected for immediate attention. 
It is also necessary to assess the interactions between dif- 
ferent projects. Multiple simultaneous research protocols 
operating within the same area, by different researchers, 
collecting almost the same data will fatigue and alienate 
the study population. The best results are obtained when 
researchers coordinate their efforts through the creation 
of a multidisciplinary research coordination group (11). 
When enough is known about the interactions between 
the needs of the different localities and the interactions 


between potential projects, the most efficient resource 
allocation strategies can be identified. 

It is important to learn from mistakes and successes of 
others, and from your own experience as well. Documen- 
tation of what is done, what is expected to be achieved, and 
evaluation of the projects’ success in reaching their objec- 
tives are important. Studying results of different locations 
with similar types of disaster and trying to understand the 
reasons for different outcomes is important. Results can 
lead to changing of reconstruction plans and organization 
for future events. 


DISASTER MEDICINE RESEARCH 
BENEFITS 


Disaster research aims to provide the necessary knowledge- 
base foundation for improving preparedness and provision 
of medical care in future disasters. The ultimate goal of dis- 
aster research is to provide information that can support 
decision making, improve preparedness, assist in setting 
up apt policy, minimize damage, and save lives. Knowl- 
edge gained from examining evidence and lessons learned 
from providers of health care in disasters, enable better 
preparedness for future disaster situations. Studies should 
be based on structured scientifically credible research, and 
answer the questions: 


m What are the risks? 

m What are the needs? 

m What should we be prepared for? 
m How can we best prepare? 


These questions are asked with focus on the medical 
aspects of the disaster, that is, management of medical 
care and suitable patient care. Specifically, primary ques- 
tions should be—what should we be prepared for in terms 
of scale and type of event, what types and range of ca- 
sualties are expected, what resources would be required 
to treat and care for these casualties, when would vari- 
ous resources be required, how and where should care be 
administered, and by whom. 

Various regions and countries have diverse risks for 
a range of potential disasters. Consequently, the interest, 
research focus, and the level of preparedness of these 
locations will vary widely. Different disaster types will re- 
quire different research focus. As such, data points and 
measures should include the identification or definition 
of what the population should be prepared for, based on 
geographical location, political conditions, social struc- 
ture and so on. Different countries will also differ in the 
modus operandi of their health systems and the operations 
and authority for emergency medical services and rescue 
systems. Local examination and analysis of the opera- 
tion and management of emergency agencies is therefore 
important in designing research for a specific area. This 
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FIGURE 39-2. Potential research ques- 


tions, scope, location, time, and methods 
of disaster medicine research. 


Clinical studies 


research should explore the decision-making process and 
the coordination between various organizations. Decision 
makers and policy setters at all levels, from federal or state 
levels to the community levels, can use this information 
to improve planning and response. Fig. 39-2 demonstrates 
potential research questions, scope, location, time, and 
methods in disaster research. 


FOCUS AREAS OF DISASTER 
MEDICINE RESEARCH 


Disaster medicine research focuses on assessing the risk 
and the needs, matching available resources, prevent- 
ing further adverse health effects, evaluating program 
effectiveness, and improving contingency planning (9,12). 
Clinical investigations and analysis of past treatments 
can provide lessons for improved medical care in future 
events. Additionally, attention given is on how to build 
management systems that would be effective and efficient 
for coordinating and for operating in disaster situations. 
Evaluation of organization, training, drills, and the match 
between preparedness and need is an additional area of 
interest. The immediate study of disasters (disaster assess- 
ments) can guide international missions to provide what 
is necessary, as opposed to what is available. 


TIMING DISASTER MEDICINE 
RESEARCH 


Depending on the aim of the disaster research, data collec- 
tion may be carried out before, during, or after the actual 
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disaster impact. Before a disaster occurs, particularly in 
areas which are prone to disasters, research is carried 
out to study the risks for disasters and the capabilities of 
local emergency services. Interesting components to study 
are the predicted needs, potential resources that could be 
used, communication and coordination routes, as well as 
other issues. All these activities can then be used to build 
response and training programs that are anticipated to 
improve response at a time of need. Data collected also 
serves as a baseline for future epidemiological studies. 
It is possible to prepare questions and questionnaires in 
advance and have them ready for use once a disaster 
situation has developed. As example, a prospective data 
collection instrument is being placed at multiple hospital 
emergency departments (EDs) in the State of Oklahoma 
to collect wound care information from casualties of tor- 
nadic storms. Having obtained prior approval from human 
use committees, the data collection may be initiated at any 
time the tornado casualties present to any of the EDs par- 
ticipating in the studies. In this context, the term disaster 
mitigation is often used in conjunction with this form 
of disaster research. Disaster mitigation is defined as the 
actions taken to reduce the effects of a disaster before it 
occurs. In this setting, the results of the research could 
be applied to defining the population at risk, assessing the 
level of preparedness and the flexibility of surveillance sys- 
tems, educating the population at risk, increasing safety 
behaviors, and training of health and safety personnel as 
to how to act upon initiation of a disaster situation (9). 
During a disaster, research should focus on the man- 
agement of the event. The decision-making processes and 
preparedness of emergency services may be investigated. 
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In addition, how well agencies anticipate ongoing needs 
as well as further escalation in emergency situations can 
be studied. The best time for obtaining useful information 
on the management of an event is during the event, as it is 
the optimal time to collect objective data on occurrences. 
Retrospective collection of the same data usually results in 
rationalization of actions and subjective interpretations, 
leading to less accurate documentation, and possibly to 
contradictory reports. In addition, as previously noted, 
there is a vital need for damage assessment and identifi- 
cation of urgent needs so as to set relief priorities during 
a disaster. Rapidly conducted field investigations (disas- 
ter assessment) can help coordinate dispatch of suitable 
aid that would improve rather than interfere with local 
attempts to handle the disaster (13). 

After a disaster, outcome analysis can focus on each of 
the several broad fields forming the disaster medical care 
team. Retrospective analyses of attainable data or prospec- 
tive analysis of ongoing phenomena can provide useful 
information as to what to do and what not to do during the 
response. Debriefing sessions are important for learning 
lessons and planning their implementation for future dis- 
asters. Video footage taken during disasters by amateurs, 
newscasts, or emergency agencies for analyzing what had 
happened can be a very useful practical tool in decision- 
making processes and event management. Indeed, such 
video may be of more practical value than common sci- 
entific data-collecting instruments using structured data 
forms that are analyzed using conventional methods. 

The duration of the “after-the-event” time frame is vari- 
able. It can refer to a period of weeks to years after a 
disaster. Within this period, topics such as medical system 
needs, scopes of responsibility, command and control is- 
sues, rehabilitation and recovery efforts, public health and 
surveillance programs, nutritional issues, and other med- 
ical considerations may be studied. Research extending 
over this period can provide information as to what kind 
of care will be required at various stages of the disaster 
to return the community to routine activity and function. 
The problems of physical restructuring may not seem di- 
rectly related to health, but a close association exists. For 
example, rebuilding hospitals, renewing or rebuilding wa- 
ter supplies, utilities, bridges, and roadways will impact the 
availability of medical supplies and personnel resources. 

Disaster recovery is often neglected during hazard plan- 
ning (14). Planning based on evidence and definition of 
needs will lead to better recovery programs. In most 
disaster recovery processes, needs fall into a few basic 
categories: housing, transportation, telecommunications, 
education, food production, and environmental resources. 
Process criteria for reconstruction projects are responsive- 
ness to local needs, regional coordination, transparency 
and accountability, and long-term sustainability. Each 
of these topics can be studied for future application of 
conclusions. 


IMPORTANT STUDY ELEMENTS 
IN DISASTER MEDICINE RESEARCH 


To know what to be prepared for in a disaster situation 
one needs to know what are the associated problems that 
might be encountered. For this reason, studying every 
element of the disaster, from management to individual 
patient care, is important. Every piece of information 
that could have an effect on better management of the 
health care system during a disaster, whether regional or 
national is relevant. Anticipating, and learning how to best 
treat future complications or public health issues due to a 
disaster will also improve outcomes. 

Mitigation, preparedness, and response and recovery 
plans have been in place for a long time in many countries, 
particularly in those that are predisposed to natural dis- 
asters. The recent worldwide wave of terror attacks and 
the increased awareness since September 11, 2001, has 
boosted the activity toward preparedness for man-made 
disasters, globally. One of the areas for future research 
could, and probably should, be the implementation of 
standardized protocols for handling acts of mass terror 
in terms of feasibility and suitability. Such standardized 
protocols would improve international harmonization and 
ease of collaboration on rescue and mutual aide missions. 


DESIGNING DISASTER MEDICINE 
RESEARCH 


As has been alluded to previously, some differences may 
exist as to the design of research directed at data collection 
from disasters, and studies directed at collecting data 
from more standard types of epidemiological questions. 
This is likely due to the type of research questions posed 
regarding disasters and the type and sources of data 
that must be collected. We will discuss some points of 
designing disaster medicine research. 


Data Collection 


Two major concepts in regard to data collection exist, 
namely (a) making a list of potential or interesting research 
questions and collecting the data necessary to answer them 
or (b) collecting all that is possible and later deciding what 
to make of it. One must start with one or more research 
questions. This will help identify what sort of data needs 
to be collected to answer these questions. It is important 
to study the characteristics of different types of disasters 
in terms of: 


m How many casualties? 

m What is the quantity and nature of personnel and agen- 
cies required to provide care? 

m Which rescue agencies were utilized? 
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m How were these agencies organized? 

m What were the limitations of such agencies? 

m How was the coordination and cooperation managed 
between agencies? 

m How was the control and communication managed? 

m How many hospitals and clinics were involved in the 
response? 

m Were any hospitals or clinics damaged? 

m What types of additional resources were required (man- 
power and equipment)? 

m What was the severity and acuity of injury or disease in 
the casualties? 

m What type of specialty consultants and facilities were 
necessary? 

m What damage was done to infrastructure and resources? 

m How were damaged facilities and infrastructure re- 
placed? 

m How long did it take to replace such facilities and infra- 
structure? 

m What types of comorbidity, additional illness, or epi- 
demics were forecast? 

m Was optimized utilization of available resources appar- 
ent? 

m What resources were lacking for the response? 

m What were the time characteristics of the response? 

m What was the overall adequacy of the response? 

m Were there excess resources that could be saved? 

m Where did bottlenecks form? How were they cleared? 

In how much time? 

What should be the preparedness agenda for future 

events? 

m How did the population react to the disaster? 

m How did agencies respond to the disaster? 


Methods for Disaster Research 


Disaster research requires methods for collecting data, 
which differ from the randomized controlled prospective 
experimental studies used in traditional clinical research. 
Because of the inability to control most of the variables, 
controlled studies such as these are usually impossible to 
conduct in the setting of a disaster. In the past, much 
of the research on disaster response was anecdotal and 
of a limited descriptive nature. Many areas of the dis- 
aster response were simply not studied by clinicians or 
epidemiologists. 

In addition to the clinical aspects, medical disaster 
management comprises organizational, managerial, and 
coordination and control elements during a response. 
Various validated methods exist for studying the non- 
clinical components of the disaster response. As a result, 
methods for disaster research may draw from research 
methods from these nonclinical fields. This may be seen 
as a fusion of medical research, applying both clinical 
and epidemiological methods with management research 


) TABLE 39-2 Steps in Developing a Disaster 
Research Protocol 


Formulate the research question 

Determine how to validate (or answer) the research question 

m Decide what event elements need to be observed to answer the 
question 

m Identify the specific data points that need to be collected 

m Determine the most appropriate research methodology 

m Construct a data collection instrument 

m Validate the data collection instrument 

m Plan the data collection activities 

m Organize and train a research team 

m Construct a sampling plan (if necessary) 

m Select an analysis method for the data 

m Obtain approval or exemption from a human use committee (IRB) 

m Implement the research 


Abbreviation: IRB, Institutional Review Board. 


methods. Management research is usually divided into 
areas of operations research, risk analysis, cost analysis, 
and decision-making analysis. The design of studies is dis- 
cussed in detail elsewhere in the Guidelines for evaluation 
and research in the Utstein style (15,16). It is suggested that 
the design of a protocol for a disaster medicine research 
follow some basic steps as outlined in Table 39-2. 

Data collection methods are also affected by the initial 
state of data availability. For example, if a country has 
a trauma registry or a routine surveillance system, this 
system could be easily modified and experienced data 
collection personnel could be used to collect disaster data. 
In countries where routine data collection is not in place, 
it will be more difficult to introduce one at a time of chaos 
and destruction. Successful research and handling of 
future disasters largely relies on the evolution of acommon 
language across the multiple disciplines associated with 
disasters, which will enhance communication and help 
prevent duplication of efforts. 


DISASTER EPIDEMIOLOGY 


Considering the very unusual and extreme situations un- 
der which a disaster and the corresponding adverse health 
responses occur, it is challenging to provide a unified 
methodological framework for disaster epidemiology (17). 
Epidemiology is defined as the science concerned with the 
occurrence, distribution, and determinants of states of 
health and disease in human groups and populations (18). 
Epidemiology is applicable to disaster research as disas- 
ters affect a population that will be exposed or affected by 
a certain medical condition. Disaster epidemiology how- 
ever must be viewed in a broader perspective than other 
fields of epidemiology as it links data collection and analy- 
sis to an immediate decision-making process (8). It is also 
affected by many external independent factors. 
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The primary distinction in types of epidemiological 
studies is between experiments broadly defined as “studies 
of deliberate intervention” and “surveys.” Studies of de- 
liberate intervention are those that employ the standard 
scientific experimental method. This is generally described 
as observing groups of a population with similar character- 
istics (cohorts) and applying or monitoring some change 
or action (intervention). Comparisons are then made be- 
tween the outcomes of the groups. Surveys are broadly 
defined as methods by which information is systemat- 
ically collected but in which the experimental method 
described earlier is not used (18,19). Disaster research 
is often constructed through the survey method (i.e., ob- 
servational noninterventional). Surveys can be descriptive 
(with the aim of describing a situation) or analytical (to 
try explain the situation and demonstrate relationships). 
For example, analytical studies could evaluate the risk 
factors for adverse health effects, the natural history of 
acute health effects, public health impacts of a disease, 
long-term health effects, and more. Surveys may be long 
term, in which case they are usually referred to as surveil- 
lance. Surveillance can be used to follow the occurrence 
of an epidemic or disease. Clinical survey investigations 
can measure the efficacy and effectiveness of different 
approaches to diagnosis and treatment. Studies can be 
longitudinal, either prospective (follow-up forward from 
possible exposure) or retrospective (backward investiga- 
tion from outcome to postulated cause) or cross-sectional 
(all data collected at one time—like a snapshot). 


Surveillance 


Surveillance as discussed in the preceding text is a descrip- 
tive epidemiological method concerned with describing 
the distribution of a health event by time, person, and 
place. The first step in developing a surveillance system is 
to establish objectives (i.e., what is it that one wants to 
achieve by conducting such surveillance). Next, one de- 
velops case definitions using clinical or laboratory criteria 
(i.e., who will be eligible for entry into the surveillance 
program and by what criteria). Case definitions may in- 
volve some uncertainty (suspected diagnosis). After the 
objectives and cases are defined, data sources should be 
selected. Possible sources are hospital medical records, 
shelters, emergency medical services, pharmacies, NGOs, 
and so on. Data collection methods may be decided upon 
before the disaster impact in organized communities. This 
has the advantage of not wasting time once the disaster 
occurs and gives the opportunity to standardize data col- 
lection. Data analysis strategy should also be planned in 
advance to answer the research questions. 


Estimating Prevalence 


Prevalence is the rate of a phenomenon in a given popula- 
tion. Estimating prevalence of a phenomenon or disease 


is one of the basic constructs of epidemiology. In order to 
estimate prevalence, the denominator, which is the popu- 
lation at risk, must be estimated as accurately as possible. 
Although this may be achievable in developed countries 
where census data and Geographic Information Systems 
(GIS) methods could be used to estimate the population at 
risk, many of the largest disasters of the century have oc- 
curred in developing countries. In these nations physical, 
medical, and communication infrastructure do not enable 
accurate information intake. Therefore, the inability to 
define the population at risk (the denominator) causes 
uncertainty and prevents precise prevalence estimation. 
A recent study of a fireworks-related disaster indicates 
that defining the casualties as “everyone living or working 
within the disaster area and those involved in immediate 
rescue work” may be too narrow a case definition. 
Extending the definition to include all those who have 
suffered direct loss or injury and those whose exposure 
is less direct may be more inclusive of the true impact 
of the disaster (20). This definition may have worked for 
the specific study of the Enschede firework disaster in the 
Netherlands in 2000; however, it would be more difficult 
to adopt this approach for tsunami casualties of Thailand 
in 2005. In addition, such a change in case definitions will 
probably not stand up to accepted scientific standards. 
We could then ask, what is the significance of preva- 
lence in disaster medicine research? The main use will be 
for comparing response and care during future events, or 
with similar occurrences in other countries. For example, 
the federal government would be interested in the use of 
shelters to reduce the prevalence of injury due to hur- 
ricanes, but such information may not be at the top of 
the list of priorities in underdeveloped countries. The in- 
ability to accurately estimate prevalence demonstrates the 
need for flexibility and open-mindedness in disaster re- 
search. The other element in estimating prevalence is the 
“case definition.” While for some diseases or epidemics 
the definition is clear cut, there may be conditions such 
as PTSD for which different scales of measuring exist, or 
where people may or may not choose to go to clinics with 
symptoms, creating a bias in prevalence estimation. 


Exposure 


Another common measure used in epidemiological stud- 
ies is exposure. Exposure in epidemiology represents the 
population that was exposed to the risk and could po- 
tentially develop symptoms. Exposure in disasters can be 
due to various sources, depending on the type of disaster. 
For example, exposure could be from contaminated water, 
air pollution due to building collapse or volcanic eruption, 
airborne disease due to biological warfare, heat waves and 
so on. Exposure in most cases has a dose-response effect, 
therefore a binary—exposed or not exposed—measure will 
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not be sufficient to enable inferences (i.e., drawing conclu- 
sions or making judgments about the exposure). Unless 
ongoing surveillance is in place, it will usually be difficult 
or impossible to obtain retrospective measures of expo- 
sure, and in some cases it is even more difficult to obtain 
unexposed controls. This again will rely on the nature of 
disaster. For example, in the event of an explosion caused 
by a suicide bomber in an enclosed space, assuming some 
eyewitnesses remain, and based on evidence left in the 
field, it will usually be possible to estimate the location of 
casualties and the perpetrator after a thorough investiga- 
tion. In this case, a dose response would be the extent of 
blast effect they sustained on the basis of their location 
and distance from the blast that can then be related to 
their outcome. Estimating past amounts of pollution due 
to building collapse or past quantities of a contaminant in 
water sources may be more difficult. 


DEBRIEFING AS A RESEARCH TOOL 


Debriefing can provide a great deal of information about 
an event. A debriefing aims at obtaining data on all relevant 
occurrences and utilizing the data collected to formulate 
lessons learned. Data from debriefings may include facts, 
decision points, and explanatory justification for the deci- 
sions made. Decision points may be planned or unplanned, 
as a result of an ongoing crisis. Because uncertainty is one 
of the prime characteristics of a disaster situation, explor- 
ing the reasons for the uncertainty (uncertainty factors) is 
important. As mentioned in the preceding text, video or 
other recorded footage can be analyzed. 


HAZARD REDUCTION STUDIES 


Hazard reduction research explores environmental pro- 
cesses and likely risks for specific regions at risk from 
natural and other hazards. Such research of hazards may 
serve as a basis for backing decision making with evi- 
dence. Beyond physical processes involved, other societal 
issues useful in hazard reduction studies include psycho- 
logical, sociological, economic, and political responses to 
the natural environment. In addition, the abilities of the 
emergency care system to cope with a disaster and the 
potential damage to these abilities are valuable to explore. 


DISASTER RISK MANAGEMENT 
ANALYSIS 


Risk management is used by disaster researchers with a 
focus on planning the response to future disasters. Risk 


) TABLE 39-3 Some Areas in Which Risk Analysis 
of the Medical Aspects of Disasters 
is Useful 


m Personnel 

m Environmental hazards 

m Resources available and needs 

m Equipment availability and needs 

m Mission characteristics and requirements 

m Management, organization, command, and control 
m Agencies that take part in medical management 
m The interfaces between all of the above 


management is used in situations where a low level of 
certainty exists. The aim of risk management is to expect 
the unexpected and to control the expected. Analytical 
tools are applied for the estimation of future risks and 
the need for prevention, response, or minimizing damage. 
Table 39-3 illustrates some of the major areas in which risk 
management analysis of the medical aspects of disasters 
are useful. There are several forms that risk management 
analysis in disasters may take. 


Retrospective Risk Management 
Analysis 


Retrospective risk management studies are conducted on 
disasters that have already occurred, with the aim of 
studying the event and the actions that were taken to better 
manage future similar events. Research questions may 
enquire—what were the medical outcomes of the event, 
what medical resources handled it, and was the handling 
efficient? In addition, what resources were used and how 
were they used? Methods of organization, management, 
and command and control are additional items that 
would be of interest in such a study. On the basis of 
risk analysis studies, a response to minimize damage and 
create suitable planning and response protocols may be 
created. One approach for risk analysis involves testing 
the outcome. If the outcome from a studied response is 
satisfactory, it is assumed that the process was acceptable. 
If the outcome was not satisfactory, deeper exploration of 
faults and failure points will be carried out. 


Prospective Risk Management Analysis 


A prospective risk management analysis is a study that 
is not based on past events, either because there were 
no similar past events, or the time span since the last 
event is too large for valid analysis because of advances in 
technology, response abilities, or other conditions. Such 
a prospective study will try to anticipate the next event, 
its location, size, and the anticipated medical response. 
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The aim is to try to predict the needs and possible failure 
points of the response. On the basis of this analysis one 
tries to create a response method for vvork, organization, 
and management. 


Clinical Epidemiological Risk 
Management Analysis 


Clinical epidemiological risk management aims at pre- 
venting clinical mistakes in diagnosis and treatment. Epi- 
demiological and clinical studies of unique phenomena or 
those that are typical of various disaster types can guide 
preparation of necessary resources or allovv consideration 
of alternative solutions to problems. One example of this 
is the increased need for dialysis equipment for crush 
casualties of earthquakes. In certain parts of the world, 
this deficiency has been so great that a partial solution, to 
conduct peritoneal dialysis, has been considered. 

In-depth and thorough investigation of a wider range 
of fields, increases the chance for better planning of pre- 
paredness and response for the next event. Using risk 
management to study the operational aspects of a spe- 
cific disaster to better prepare for the next one is an area 
needing further exploration. Risk analysis is valuable in a 
number of areas, such as planning for a disaster response, 
providing data to support authorization of processes, bet- 
ter coordination and integration between agencies taking 
part in the event, improved resource allocation, improved 
communication and reporting protocols, and coordina- 
tion and “matching” of resources between agencies such 
as manpower and equipment. In addition, command and 
control resources may be optimized with issues of respon- 
sibility and authority coordinated before and not during 
the disaster event. Finally, training of personnel for po- 
tential disaster events may be based on a scientific format 
and be more credible for all involved. 


SUMMARY AND CONCLUSION 


Research methods into the medical response for disasters 
enquire into the management, coordination, organization, 
and control of disaster situations as well as short- 
and long-term health effects. As a result, such research 
comprises a myriad of research approaches including 
conventional clinical and epidemiological approaches as 
well as risk analysis, hazard analysis, operations research, 
and more. Because of practical limitations, study design 
and statistical analysis methods may call for flexibility and 
a certain shift from traditional data collection approaches. 
Nevertheless, a maximal level of scientific validity must 
be maintained as well as constant awareness as to 
possible bias from data collection limitations. Doing so, 


using as much available data as possible, can lead to 
better understanding of the management and type of care 
provided during a disaster. 

The planned response for disasters must be based on 
valid scientific analysis of previous events. The impor- 
tance of research into the medical aspects of a disaster is 
in giving decision makers and medical staff evidence and 
outcomes as a basis for building policy and improving pre- 
paredness. In previous years, disaster planning has been 
based on emotion, subjective understanding, and anecdo- 
tal reports. Planning based on such capricious elements 
is no longer acceptable. Formal study and documentation 
of disaster response is vital, as disasters seldom occur 
in the same place. Therefore, it is important to take the 
experience and knowledge of one group of disaster re- 
sponders, to inform and teach other groups elsewhere in 
the world. In addition, such information must be used 
to develop general disaster medicine concepts and princi- 
ples, thereby improving our understanding of these events. 
Dissemination of the results of scientifically valid disaster 
research will save lives. 
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Automated Electrical Defibrillator (AED), 433 
Avalanches, 248-255 
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emergency department care, 254 
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clinical forms of, 415 
clinical presentation of, 415 
diagnosis of, 416 
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Biological weapon(s) (contd.) 
infective dose of, 414-417 
inhalation form of, 414 
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antitoxin treatment for, 422 
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effect of, in humans, 421 
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clinical presentation of, 422 
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Bureau of Medicine and Surgery (BUMED), 
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casualty management in, 356-358 
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inhalational injury, 357 
initial burn management, 356-357 
pain relief, 357 
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thermal regulation, 358 
wound care, 357 
chemical, 352 
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crush injury, 353 
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two-way radio, 101, 111, 112f 
virtual reality, 168-169 
Community Base Organizations (CBOs), 153 
Community disaster planning committee 
for improving interorganizational 
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fasciotomy, indications and benefits, 83 
field amputation, 83 
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phases to, 66 
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Crude mortality rates (CMRs), 42 
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CSI. See Cervical spine immobilization (CSI) 
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Cyanide, 358 


D 

DEA. See Drug Enforcement Agency (DEA) 
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introduction of, 50 
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Disaster medicine, 453 
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Casualties, 4-5, 4f 
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college teaching, 454 
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Confined space medicine (CSM), 
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injury management in. See also Injury(ies), 
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instructional objectives, 456 
instructional strategies, design of, 457 
instructional systems development (ISD), 
455, 457f 
learning outcomes, determination of, 
456-457 
medical caches, 7 
medical emergency response center in. See 
also Medical emergency response 
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medical treatment in. See also Illness(es), 
Infectious disease(s); Injury(ies); 
Triage, 105 
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pharmaceutical management in. See also 
Pharmaceuticals, 56-63 
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methods for, 470 
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search and rescue (USAR), 72-84 
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contributing to, 46-49 
infectious deaths, 45 
and infectious diseases, 44-54 
diagnosis of, 52-53 
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epidemic management in, 41 
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immunization, 41 
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medical services, 42 
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synopsis of, 1-10 
technological hazards, 1 
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biological weapon attack. See also 
Biological weapon(s); Biological 
weapon attack, 412-428 
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Urban search and rescue (USAR), 
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complex emergencies. See also Complex 
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earthquakes. See also Earthquake(s); 
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material disaster, 311-322 
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intentional chemical disaster (ICD). See 
also Hazardous material(s); 
Intentional chemical disaster (ICD), 
402-410 
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gatherings, 326-330 
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terrorist bombings. See also Terrorist 
bombings, 361-376 
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disasters, 194-203 
tsunamis. See also Tsunami(s); Tsunami 
disasters, 277-286 
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DMAT. See Disaster Medical Assistance Team 
(DMAT) 
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transport of, 58 
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emergency medical services response in, 
185-187 
hospital operation in 
emergency department, 188-189 
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civilian 
acute stress reaction in, 451 
analysis of, 448 
demographic location of, 449, 449: 
died of vvounds in, victim designation, 
444 
disposition of shooter, 449, 4497 
emergency medical provision in, 450 
history of, recent, 444 
and incidence of penetrating trauma in 
United States, 444-445, 445r 
killed in, victim designation, 444 
outcome of, by wound site, 450, 450 
shooter profiling, 449 
victim profiles, 449 
civilian, versus combat 
abbreviated injury scores, 445, 4457 
comparison of gunshot mortality by 
anatomic region, 449, 450 
differences of, 445, 445f 
pathophysiologic cause of combat deaths 
in Vietnam, 448, 448f 
patient outcome by wounded body 
region 
definition of anatomic body region, 
446t 
discussion of, 446-448, 446f 
in combat, data collection. See also 
Weapons data and munitions 
effectiveness team (WDMET), 445 
definition of, 444 
Massive hemothorax, 177 
Material safety data sheet (MSDS), 321-322 
Maternal and child health, in public health 
disasters, 42 
MCI. See Mass casualty incident (MCI) 
Measles, 46, 53 
Medical counterterrorism, support of crisis 
management operations, 440-442 
Medical Disaster Response (MDR), 189 
Medical disaster, definition of, 128 
Medical Emergency Response Center 
(MERC), 137 
Medical Reserve Corps (MRC), 154 
Medical services in public health disasters, 42 
Medical treatment. See Casualties; Ilness(es); 
Injury(ies); Mental health; Triage 
Memorandum of Agreement (MOA), 131 
Memorandum of Understanding (MOU), 439 
Meningitis, 46, 53 


Mental health 
in air crash survivors, 344 
in complex emergencies, 92 
critical incident stress and 
debriefing, 66 
debriefing team deployment, 67-68 
debriefing team development, 67-68 
degree of symptoms, factors influencing, 
65 
in geriatric population, 69 
management of, 65-68 
in pediatric population, 69, 697 
phase of disaster and, 64-65 
in rescue workers, 69-70 
risk factors for, 65 
victim classification and, 64-65 
workshops and references, contact 
information, 70 
in mass shooting survivors, 451 
and post-traumatic stress disorder. See also 
Post-traumatic stress disorder 
(PTSD), 68-69 
in terrorist bombing survivors, 376 
in tornado survivors, 203 
workshops and references, contact 
information, 70 
MESS. See Mangled extremity severity score 
(MESS) 
Metropolitan emergency medical service 
(MEMS), 339 
Metropolitan medical response systems 
(MMRS), 427 
Mid-upper arm circumference (MUAC), 90 
Minimum Acceptable Level of Transport 
(MALTrans), 182 
Mixed contamination, 297 
MOA. See Memorandum of Agreement 
(MOA) 
Mobile Army Surgical Hospitals (MASH), 127 
Mobile communications, 159, 166 
Mobile Response Unit (MRU), 130 
Moderate Resolution Imaging 
Spectroradiometer (MODIS), 227 
MOU. See Memorandum of Understanding 
(MOU) 
Move, Asses, Sort, and Send (MASS), 26 
MRC. See Medical Reserve Corps (MRC) 
MRU. See Mobile Response Unit (MRU) 
MSDS. See Material safety data sheet (MSDS) 
MUAC. See Mid-upper arm circumference 
(MUAC) 
Multiagency coordination structures, 145 
Multiple victim incident (MVT), 128 
Municipal government. See Local 
government(s) 
Mutual aid, 128 
Mutual aid radio frequencies, 101 
MVI. See Multiple victim incident (MVI) 
Myocardial depression, 222 


N 
NAEMSPs. See National Association of 
Emergency Medical Service 
Physicians (NAEMSPs) 

NAEMT. See National Association of 
Emergency Medical Technicians 
(NAEMT) 

NAS-NRC. See National Academy of 
Sciences-National Research Council 
(NAS-NRC) 

Nasotracheal intubation, 176 

National Academy of Sciences-National 
Research Council (NAS-NRC), 127 
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National Aeronautics and Space 
Administration (NASA), 227 
notification in radiation accident, 294 
National Association of Emergency Medical 
Service Physicians (NAEMSPs), 431 
National Association of Emergency Medical 
Technicians (NAEMT), 431 
National Communications System (NCS), 
United States 
in hospital disaster planning, 111 
member organizations of, 111 
National Council for Radiation Protection 
and Measurements (NCRP), 299 
National Disaster Life Support (NDLS), 26 
National Disaster Medical System (NDMS), 
37, 128, 398, 455 
National Fire Academy, 350 
National Fire Protection Agency (NFPA), 
227 
National Flood Insurance Program in United 
States, 217 
National Guard, role in biological weapon 
attack, 427 
National Highvvay Traffic Safety 
Administration (NHTSA), 128 
National Incident Management System 
(NIMS), 128, 146, 150, 154-155, 
210 
benefits of, 146 
components of, 154, 1557 
concepts of, 154 
and hospital emergency incident command 
system, 146-147 
requirements for, 154-155 
National Institute for Occupational Safety 
and Health standards, hospital 
preparedness, in a hazardous 
material incident or disaster, 115, 
314-315 
National Interagency Incident Management 
System (NIIMS), 128 
National Oceanic and Atmospheric 
Administration (NOAA), 285 
National Pharmaceutical Stockpile (NPS), 
goal of, 56 
National Response Coordination Center 
(NRCC), 146, 156 
National Response Plan (NRP), 73, 128, 
145-146, 440 
all-hazards approach, 145 
and catastrophic incidents, 145 
emergency support functions, 153f 
federal government, actions of, 155-157 
activation of, 156 
after-action reports, 156 
demobilization, 156 
mitigation, 156 
notification and assessment, 155 
recovery, 156 
remedial actions, 156 
reporting, 155 
response, 156 
general philosophy of, 150 
and local response, 145 
multiagency coordination structures, 145 
national significance, incidents of, 150 
roles and responsibilities under, 151-152 
state/local/tribal governments, 151-152 
United States, 150-157 
National Tactical Officers Association 
(NTOA), 431 
National Transportation and Safety Board 
(NTSB), 340 


National Voluntary Organizations Active in 
Disaster (NVOAD), 153 
National Weather Service (NWS), 216 
Natural hazards, 1, 30-32 
drought, 32 
earthquakes, 31 
floods, 32 
hurricanes, 31-32 
tornadoes, 30 
tsunami, 31 
winter storms, 31 
NDMS. See National Disaster Medical System 
(NDMS) 
Near-drowning, 221-222 
Neisseria meningitis, 46 
Neutron-induced gamma activity (NIGA), 384 
News media, working with, 113 
NGOs. See Nongovernmental organizations 
(NGOs) 
NHTSA. See National Highway Traffic Safety 
Administration (NHTSA) 
NIIMS. See National Interagency Incident 
Management System (NIIMS) 
NIMS. See National Incident Management 
System (NIMS) 
NIOSH. See National Institute for 
Occupational Safety and Health 
standards 
NOAA. See National Oceanic and Atmospheric 
Administration (NOAA) 
Nongovernmental organizations (NGOs), 87, 
128, 153, 466 
NRCC. See National Response Coordination 
Center (NRCC) 
NRP. See National Response Plan (NRP) 
NTOA. See National Tactical Officers 
Association (NTOA) 
Nuclear detonation 
See also Nuclear detonation disaster, 473 
definition of, 378 
effects of 
See also Radiation, 473 
nuclear weapons, effects of, 380-385 
blast, 380 
crater formation, 381 
electromagnetic pulse, 383 
electromagnetic radiation, 382-383 
ionizing radiation, 384 
mach stem/mach front, 381 
residual radiation, 384 
thermal energy, 382 
transient radiation effects on electronics, 
384 
scope of 
calculation of, 391 
cloud parameters, 392, 393, 394f 
crater size, 392 
fallout pattern estimation, 393-394 
fallout predictor, creating, 394, 395, 396f 
ground zero determination, 392 
local dose rate calculations, 395 
yield estimation, 3917, 392 
terrorist devices and/or plans for radiation 
dispersal and, 379-380 
Nuclear detonation disaster 
casualty prediction in, 391, 391t 
contact information, organization and/or 
agency, 400 
emergency department operation in 
decontamination of victims, 386 
personnel, 388 
radiation emergency area preparation, 
386 


radiation monitoring, 386, 387t 
triage, 387-388, 3887 
emergency medical services operation in 
contamination and medical issues, 385 
contamination triage, 386 
terrorist secondary attack plans, 385 
medical effects of 
acute, 390 
cancer risk and late effects, 390t, 391 
combined injury, 387, 3887, 389 
discussion of, 389-391 
external contamination, 389 
in utero, 390, 390t 
internal contamination, 389 
overexposure, 389 
predicted casualty types, 390r 
systemic irradiation, 389 
planning for 
body disposal, 399 
decontamination, 397-398 
dosimetry laboratory capabilities, 399 
evacuation decision factors, 397t 
health physics laboratories, 398 
National Disaster Medical System 
hospital activation, 399 
national response sequence, 399 
nuclear yields versus effect radii, 396t 
protection, 395-399 
protection against gamma radiation, 
397f, 398: 
radiological evaluation, 398 
shelters, 397 
whole-body counters, 398 
response planning for, 391, 391t 
Nuclear device, improvised, 379 
Nuclear medicine gamma camera, 386 
Nuclear Regulatory Commission (NRC), 
notification in radiation accident, 
294 
Nuclear weapon, strategic, 379 
Nuclear weapon, tactical, 379 
Nuclear, Biological, or Chemical Task Force, 
379 
Nutritional rehabilitation in public health 
disasters, 41 
NVOAD. See National Voluntary 
Organizations Active in Disaster 
(NVOAD) 
NWS. See National Weather Service (NWS) 


o 

Occupational Safety and Health 
Administration (OSHA), 311 

standards 
hospital preparedness, in hazardous 
material incident and/or disaster, 
314-315 
for personal protective equipment, 

315-318 

ODP. See Office of Domestic Preparedness 
(ODP) 

OFDA. See Office of Foreign Disaster 
Assistance (OFDA), United States 

Office of Domestic Preparedness (ODP), 133 

Office of Foreign Disaster Assistance (OFDA), 
United States, 72 

Office of Statewide Health Planning and 
Development (OSHPD), 107 

OP. See Outer perimeter (OP) 

Open pneumothorax, 177 

Oral rehydration therapy, 53 

Orotracheal intubation, 176 
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OSHA. See Occupational Safety and Health 
Administration (OSHA) 
Outer perimeter (OP), 434 
Overtriage 
of blast injuries, in emergency department, 
370 
definition of, 15 


P 
Palmar surface method, 355 
PALS. See Pediatric Advanced Life Support 
(PALS) 
Pan American Health Organization, 59 
PDAs. See Personal digital assistant (PDA) 
PEA. See Pulseless electrical activity (PEA) 
PEAS. See Possible Estuary-Associated 
Syndrome (PEAS) 
Pediatric Advanced Life Support (PALS), 37 
Pediatric chest wall, compliance of, 30 
Pediatric medical care 
emergency medical services, 137 
post-traumatic stress disorder, 69, 69t 
Pediatric mental health issues, 34 
Pediatric musculoskeletal injuries, 30 
Pediatric trauma 
anatomy of, 29-30 
physiology of, 30 
unique aspects of, 29-30 
volume depletion, 30 
PEM. See Protein-energy malnutrition (PEM) 
Personal Communications Services (PCS), 
170 
Personal digital assistant (PDA), 170, 183 
Personal imaging, wearable displays, 170-171 
Personal protective equipment (PPE), 74, 76, 
114, 437 
for biologic agents, 318, 318¢ 
for emergency medical services personnel, 
131 
hazards of, to wearer, 317 
for hospital personnel, 315-318 
levels of, 316, 316t 
medical requirements, of wearer, 317 
OSHA regulations regarding, 316-318 
purpose of, 315 
typical, 316 
Pfiesteria piscicida, 219 
Pharmaceuticals, 34, 245 
See also Ilness(es); Injury(ies); 
Vaccination(s), 473 
determining needs 
antimicrobial agents, 61 
factors influencing, 60-61 
hazardous substances, 60 
immunization agents, 60-61 
local availability and resources, 60 
pathogen expectations, 61 
soft tissue injuries, 61 
vaccines for relief workers, 61 
dispensing 
civil disturbances, 62 
difficulties of, 62 
field pharmacy regulatory compliance, 62 
international variations and 
equivalencies, 62 
mass evacuees, 62 
personnel available in, 63 
supply requirements, 61-62 
domestic preparedness, 56-57 
donations of 
dumping, 58 
expiration dates, 59 
expired/soon-to-expire drugs, 59 


guidelines, 57t 
identification, 59-60 
packaging and labeling, 58-59 
problems of, 57 
sorting, 58 
storage, 59 
transport, 58 
volume, 57 
introduction to, 57 
PHTLS. See Prehospital Trauma Life Support 
(PHTLS) 
PICE. See Potential Injury Creating Event 
(PICE) 
Plain old telephone systems (POTS), 
159 
Plasmodium falciparum infection, 47 
Pocket telemedicine, 170 
Poiseuille’s law, 178 
Polychlorinated biphenols (PCBs), 80 
Polycyclic aromatic hydrocarbons (PAHs), 
80 
Possible Estuary-Associated Syndrome 
(PEAS), 219 
Post-traumatic stress disorder (PTSD), 30, 
115, 219, 464 
in children 
discussion of, 69 
risk factors, 69t 
definition of, 68 
after mass shootings, 451 
in professional disaster workers 
coping methods, 70t 
discussion of, 69 
factors in decreasing symptoms, 69t 
symptoms, 69t 
prognosis of, 68 
risk factors for, after disaster, 68t 
time course of, 68 
after tornado disasters, 203 
treatment of, 69 
workshops and references, contact 
information, 70 
Potential Injury Creating Event (PICE), 9 
Powered air-purifying respirator (PAPR), 317 
PPE. See Personal protective equipment 
(PPE) 
Predeployment, 132-133 
Prehospital Trauma Life Support (PHTLS), 
135, 431 
Presidential Disaster Declaration (PDD) 
summary, 427 
Primary blast injury (PBI), 363 
Principal Federal Official (PFO), 146 
Private sector, activities within, 153-154 
Probe poles, 251 
Protective equipment. See also Personal 
protective equipment (PPE), 131 
Protein-energy malnutrition (PEM), 32, 89-90 
evaluation of, 89-90 
management of, 90 
Psychological stress, 50 
Psychosocial issues. See Mental health 
PTSD. See Post-traumatic stress disorder 
(PTSD) 
Public health concerns, 52 
Public health programs, disruption in, 49 
Public health surveillance in public health 
disasters, 42 
Pulmonary asphyxia, 352 
Pulmonary parenchymal damage, 352 
Pulseless electrical activity (PEA), 178 
Puncture wounds due to tornadoes, 201 
Pyroclastic flows, in volcanic eruption, 269 


R 
Radar Operations Center (ROC), 196 
Radiation 
See also Nuclear detonation; Radiation 
accidents, 473 
alpha, 290 
beta, 290 
effect of, 290 
electromagnetic, 382-383 
Ellis formula for dose fractionation, 293 
exposure to 
counseling, 306 
mechanisms, 291 
representative, 291t 
types of, 291, 291f 
fallout, 384 
gamma, 290 
induced, 384 
ionizing 
description of, 290 
from nuclear detonation, 384 
stochastic and deterministic, effects of, 
290, 290f 
low linear energy transfer, 290 
measurement of, and units, 290 
from nuclear detonation, 384 
penetration of, 290f 
and radionuclide form, 292 
residual, 384 
transient effect on electronics, 384 
x-ray, 290 
Radiation accidents 
See also Radiation, 473 
clinical history in 
circumstances of exposure, 292 
confirmation of exposure, 292 
exposed areas of body, 293 
prodromal symptoms, time of onset, 293 
prompt doses versus fractionated or 
protracted doses, 293 
radionuclide form, 292 
recognition of accident, timeliness in, 
292 
contact information in, 309 
emergency department operation in 
Andrews nomogram, 295f 
contamination isolation, 296 
conventional trauma, 295 
decontamination 
goals of, 297 
patient assessment, 299 
planning, methods, and disposal, 
298-299 
survey techniques, 297-298 
mixed contamination, 297 
personnel, 296 
radiation emergency area preparation, 
295 
systemic radiation exposure, 295 
time, distance, shielding, and quantity to 
clinical care, 297 
triage, 295 
emergency medical services operation in 
contamination and medical treatment, 
293 
mass casualty incidents, 294 
national agency notification, 294 
terrorist incidents, 294f 
history taking in 
prompt doses versus fractionated or 
protracted doses, 293t 
illness caused by 
cancer risk, 306 
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external contamination 
gastrointestinal effects, 301 
hematopoietic effects, 301, 301f 
musculocutaneous effects, 302 
neurovascular effects, 302 
prodromal symptoms, 300 
pulmonary effects, 302, 302t 
radiation thresholds and effects, 300t 
foreign bodies, radioactive, 305 
internal contamination 
decorporation management, 302-303 
general management, 303 
overexposure, 306 
specific radionuclide management 
plutonium and/or transuranic 
elements, 304 
radiocesium, 304 
radioiodine and technetium-99m, 
304-305 
stable iodine, WHO recommended 
single dosage, 305f 
tritium, 305 
uranium, 305 
intact skin, preservation of, 297 
introduction to, 289 
response planning for 
decontamination issues, 306 
exercises 
evaluation criteria, 308t 
goals of, 308 
health and medical physics expertise, 306 
internal contamination, 308 
patient evaluation, 307-308 
terrorist incidents, 308 
typical scenarios of, 291t 

Radiation device, 379 

Radiation Emergency Assistance Center 
Training Site (REACTS), 309, 389 

Radiation incidents, clinical history in, 
291-293 

Radio bands, cross-banding between, 111, 
112f 

Radio frequencies, mutual aid, 101 

Radio links, 159 

Radio(s) 

as emergency medical services tools, 131 
two-way, 101, 111, 112f 

Radionuclide Dispersal Device (RDD), 379 

RAM. See Remote Assessment Methodology 
(RAM) 

REACTS. See Radiation Emergency 
Assistance Center Training Site 
(REACTS) 

Regional Response Coordination Center 
(RRCC), 146, 156 

Remote Assessment Methodology (RAM), 434 

Residency Review Committees (RRCs), 454 

Respiratory tract injury, 230 

Responders. See Emergency responders; First 
responders 

Response center, medical emergency, 137 

Rewarming 

active external, 246 
active internal, 246-247 
complications of, 243 

Rib fractures in children, 30 

Riverine flooding, 32 

ROC. See Radar Operations Center (ROC) 

RRCC. See Regional Response Coordination 
Center (RRCC) 

RRCs. See Residency Review Committees 
(RRCs) 

Rule of nines, 355 


s 
SAR. See Search and rescue (SAR) 
SARCOF. See Southern African Regional 
Climate Outlook Forum (SARCOF) 
SARS. See Sudden Acute Respiratory 
Syndrome (SARS) 
Satellite links, 159, 1647 
SAVE. See Secondary Assessment of Victim 
Endpoint (SAVE) 
SBP. See Systolic blood pressure (SBP) 
Scald, 351 
Search and rescue (SAR) 
in earthquakes, 187 
in tsunami disasters, 283 
urban. See also Urban search and rescue 
(USAR), 72-84 
in winter storms, 236, 242-243 
Secondary Assessment of Victim Endpoint 
(SAVE), 189 
Sexually transmitted diseases (STDs), 42, 49 
Shelter in public health disasters, 41 
Shield volcanoes, 268 
Shock trauma platoons (STP), 127 
Shootings. See Mass shootings 
Shovel, 252 
Simple Triage and Rapid Treatment (START) 
in earthquake disasters, 186-187 
in teaching triage principles, 25-26, 25f 
SIOC. See Strategic Information and 
Operations Center (SIOC) 
Site planning in public health disasters, 40 
SITREP. See Situation Report (SITREP) 
Situation Report (SITREP), 134 
Slab avalanche, 251 
Smallpox, 54 
SMART team. See Special medical 
augmentation response team 
(SMART) 
Smoke, chemical composition of, 231 
Smoke inhalation in wildland fires, 231 
Smoke jumpers, 225 
SO. See Staging Officer (SO) 
Southern African Regional Climate Outlook 
Forum (SARCOF), 217 
SPC. See Storm Prediction Center (SPC) 
Special condition triage, 14 
Special medical augmentation response team 
(SMART). See also Special medical 
response team (SMRT), 427 
Special medical response team (SMRT), 72 
Special Response Teams (SRT), 432 
Special Weapons and Tactics (SWAT) 
operations, 431 
Specific heat, 351 
Spot fires, 225 
SRT. See Special Response Teams (SRT) 
Staging Officer (SO), 134 
Standard Operating Procedures (SOPs), 233 
START. See Simple Triage and Rapid 
Treatment (START) 
State Governor, 151 
responsibilities of, 151 
STDs. See Sexually transmitted diseases 
(STDs) 
Steam burns, 351 
Store-and-forward (SAF), 170 
Storm Prediction Center (SPC), 196 
STP. See Shock trauma platoons (STP) 
Strategic Information and Operations Center 
(SIOC), 156 
Strategic National Stockpile (SNS), 56 
Stratovolcano. See Composite volcano 


Stress. See Acute stress reaction; Critical 
incident stress (CIS); Post-traumatic 
stress disorder (PTSD) 

Strong mayor form, 141, 141f 

Subxyphoid pericardiocentesis, 178 

Sudden Acute Respiratory Syndrome (SARS), 
128 

Sunburns, 354 

Superficial burns, 354 

Superficial dermal burns, 354 

Supply management. See also 
Pharmaceuticals; specific response 
unit, 6 

Surface burst electromagnetic pulse 
(SBEMP), 383 

Surge capacity, 210 

SWAT operations. See Special Weapons and 
Tactics (SWAT) operations 

Systemic radiation exposure, in radiation 
accident, emergency department, 
295 

Systemic radiation illness, 301-302 

Systolic blood pressure (SBP), 178 


T 
Tactical Combat Casualty Care (TCCC), 431 
Tactical Emergency Medical Support 
(TEMS), 431-442 
casualties, extraction of, 435 
cold zone, 434 
vs. conventional emergency medical 
services, 433-434 
database, components of, 436t 
deployment, 436-438 
barricade situations, 437 
emergency care, 436 
hazardous material, 437 
hot zone, 434-435 
level of training for, 438 
medical assessment, 437-438 
need for, 432 
postdeployment, 438 
predeployment, 435-436 
special operations, 432 
sworn officers and arming, 439 
team training, 438 
unique aspects of, 435-438 
warm zone, 435 
zones of care, 434-435 
zones of operation, 434-435 
Tactical emergency medicine 
and disaster response, 442 
models of, 438-439 
Tags, triage, 14, 24 
Task force (TF), 72 
TCCC. See Tactical Combat Casualty Care 
(TCCC) 
Technical Advisory Response Unit (TARU), 57 
Technological hazards, 1 
Telemedicine, pocket, 170 
Telephone communication, 111 
TEMS. See Tactical Emergency Medical 
Support (TEMS) 
Tension pneumothorax, 177 
Terminal Doppler Weather Radar (TDWR), 
345 
Terrorism, 33-34 
See also Counterterrorism, 473 
biological weapon attack. See also 
Biological weapon(s); Biological 
weapon attack, 412-428 
collateral damage, 33 
conventional, 33 
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Terrorism (contd.) 
intentional chemical disaster (ICD). See also 
Hazardous material(s); Intentional 
chemical disaster (ICD), 402-410 
nuclear detonation. See also Nuclear 
detonation, 378 
radiation incident, 293-294, 308 
and special concerns for emergency 
medical services personnel, 130 
terrorist bombings. See also Terrorist 
bombings, 361-376 
Terrorist bombings 
Beirut, Lebanon (1983), 368 
blast physics of 
in air versus water, 363 
blast front, 362 
blast loading on human being, 362 
blast pressures, 362 
blast wave, characteristics of, 362 
blast wind, 362 
destructive capacity, 362 
in enclosed structures, 362 
and injury of air-containing organs, 363 
overview of, 361-363 
pressure-time history of air blast, 362f 
in tissues and organs, 364 
Bologna, Italy (1980), 367-368 
emergency medical services operation in, 
369-370 
hospital resource utilization and patient 
flow, 375-376 
injuries encountered in 
abdominal injuries 
algorithm for, 374f 
complications associated with, 372 
surgery for, 375 
air embolism, 372 
amputations, 365 
anesthesia, use of, 375 
arterial blood gasses, 370 
auditory injuries, 372 
blast lung treatment, 370 
casualty depiction, 367f 
chest radiology, 370 
circulatory system injuries, 365 
combined blast injuries, 364 
ear injuries, 364 
electrocardiogram, 370 
epidemiology of, 366-369 
eye injuries, 365 
flash burns, 364 
fluid replacement, 370 
focused abdominal sonography for 
trauma, 372 
fragment injuries, 365 
mechanisms encountered with, 363 
morbidity and mortality in, 366 
neurologic symptoms 
algorithm for, 373f 
discussion of, 372 
open fractures, 375 
primary blast injuries, 363, 363f 
profile of pattern of, 365f 
psychologic, 376 
pulmonary injuries, 364, 375 
respiratory distress algorithm, 371f 
secondary blast injuries, 363 
soft tissue wounds, 375 
stabilization measures, 370 
tertiary blast injuries, 363 
thermal injuries, 364 
thoracic injuries, 364 
tissue and organs, 364 


treatment of 
emergency department, 370-375 
hospital, 375-376 
introduction to, 361 
Madrid, Spain (2004), 369 
Manchester, England (1996), 368 
Oklahoma City, Oklahoma (1995), 368 
triage in 
emergency department, 370-375 
prehospital, 369-370 
USS Cole (DDG67), Yemen (2000), 368 
Tetanophobia, 7-8 
Tetanus immune globulin, 51 
Tetanus-prone wounds, 201 
Thermal injury, in wildland fires, cause of, 230 
Thunderstorms, 194 
Tornado disasters 
casualty distribution in, 196-199, 198f 
emergency department operation in, 
199-200 
emergency medical services operation in, 
196-199 
injuries and infections in, and treatment of, 
200-201 
mental health support after, 203 
warnings and preparation for, 194-196, 
201-203 
Tornado watch, 196 
Tornado(es), 30 
See also Tornado disasters, 473 
air masses, circulation of, 195f 
characteristics of, 194-196 
frequency distribution in United States, 194 
multiple vortex suction spots of, 196-199, 
198f 
skin, abrasive effect on, 200f 
supercell thunderstorm anatomy, 196f 
violent, 195f 
warnings and preparation for, 194-196, 
201-203 
Tourniquets, 178 
Transient radiation effects on electronics 
(TREE), 384 
Transport destinations, casualty, 4-5, 4f, 
100-101, 104t 
Transportation Officer (TrO), 134 
Transthoracic ultrasonography, 178 
Trauma scoring 
mangled extremity severity score (MESS), 
190, 191t 
triage, 20 
Triage 
See also Casualties; Injury(ies), 473 
in air crash disasters, 343 
approaches to 
mass casualty incident triage, 13 
overtriage, 15 
overview of, 13-14 
special condition triage, 14 
undertriage, 15 
categories in, patient, 14-15 
in complex emergencies, 91-92 
concepts of, 14-16 
documentation of, 24 
in earthquake disasters, 186-189 
equipment used in, 130-131 
in fire disasters, 355, 359 
in hazardous material disaster, 319-322 
historical perspective of, 12-13 
hospital capacity, estimation of, 26 
in hospital disaster planning, 116 
of hypothermic patients, 242, 247 
mechanisms of, 24 


military, 14 
minimal acceptable care level, 15 
in nuclear detonation disaster, emergency 
department, 387-388, 387t, 3887 
optimal care to immediate casualties, 15 
organization of activities, 20 
performance of 
experience training, 20 
obstacles encountered, 24 
points in, 16-20 
trauma scoring, 20 
physical assessment during, 22-24 
prehospital, 24-26 
primary emphasis of, 20 
process of, 14 
in radiation accident, emergency 
department, 295 
resource-constrained, 13 
significance of, 12 
tactical, 14 
in terrorist bombings, 367-370 
and utilitarianism, 17 
Triage tags, 24 
importance of, 24 
Tribal Chief/Executive Officer, 151-152 
responsibilities of, 151-152 
TrO. See Transportation Officer (TrO) 
Tsunami disasters 
emergency department operation in, 283 
emergency medical services operation in, 
283 
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